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RULES, 


OBJECTS. 


The objects of the Amercan Ceramic Society are to promote the 
arts and sciences connected with Ceramics by means of meetings for 
social intercourse, for the reading and discussion of professional 
papers, and for the publication of professional literature. 


MEMBERSHIP. 


The Society shall consist of Honorary Members, Members and 
Associates. 


Honorary Members must be persons of acknowledged profes- 
sional eminence, and shall not exceed five in number. 


Members shall be persons competent to fill responsible positions 
in Ceramics and have suitable qualifications. 


Associates shall include persons interested in Ceramics and the 
allied arts. 


Honorary Members shall be proposed by at least five Members, 
approved by the Council, and receive at least 90 per cent. of the votes 
cast by letter ballot at the annual meeting. 


Members and Associates shall be proposed by at least three 
Members or Associates, approved by the Council, and receive at 
least 75 per cent. of the votes cast by letter ballot. A candidate for 
admision must make application on a form prepared by the Council 
which shall contain a written statement of his age, professional ex- 
perience, and that he will if elected, conform to the laws, rules, and 
requirements of the Society. 


All Honorary Members, Members and Associates shall be equally 
entitled to the privileges of membership, except that only Members 
shall be entitled to hold office and to vote. Applicants for a change 
in grade of membership shall conform to the requirements of a 
new applicant. 


Any person can be stricken from the membership of the Society 
on the request of five or more Members, on the recommendation of 
a majority of the Council, if he fails to resign on the advice of the 
Council. Such person, however, shall first be notified of the charges 
against him, and be given a reasonable time to appear before the 
Council, or present written defense, before final action is taken by 
the Council 
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DUES 

Honorary Members shall be exempt from all dues. 

The initiation fee of Members shall be ten dollars, and of Associ- 
ates five dollars, which if not paid within six months after election, 
will render the election void. 

The annual dues for Members will be fixed by the Council, but 
shall not exceed five dollars per year. 

The annual dues for Associates will be fixed by the Council, but. 
shall not exceed four dollars per year. 

Any Member or Associate in arrears for over one year may 
be suspended from membership by the Council until such arrears 
are paid. 


OFFICERS. 


The affairs of the Society shall be managed by a Council, consist- 
ing of a President, Vice-President, Secretary, Treasurer, and three 
Managers, who shall be elected from the members at the annual 
meeting, and hold office until the adjournment of the meeting at 
which their successors are elected. 

The President, Vice-President, Secretary and Treasurer shall be 
elected for one year, and the Managers for three years and no Presi- 
dent, Vice-President, or Manager shall eligible for immediate re- 
election to the same office. 

The duties of all officers shall be such as usually appertain to 
their offices, or may be delegated to them by the Council or the 
Society; and the Council may at its discretion require bonds to be 
furnished by the Treasurer. 

Vacancies in any office shall be filled by appointment by the 
Council, but the new incumbent shall not thereby be rendered ineli- 
gible to re-election at the next annual meeting to the same office. 
On the failure of any officers to execute his duties within a reason- 
able time, the Council after duly warning such officer may declare 
the office vacant, and appoint a new incumbent 

A majority of the Council shall constitute a quorum; but the 
Council shall be permitted to carry on such business as it may 
desire by letter. 


ELECTIONS. 


At the annual meeting, a nominating committee of five Members, 
not officers of the Society, shall be appointed, and this committee 
shall send the names of nominees to the Secretary at least 60 days 
before the annual meeting, who shall immediately forward the same 
to the Members. Any other five members may also present the names 
of any candidates to the Secretary, provided it is done at least 30 days 
before the annual meeting. The names of all candidates, provided 
their assent has been obtained, shall be placed on the ballot without 
distinction as to nomination by the regular or an independent com- 
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mittee, which shall be mailed to every member, not in arrears, at 
least 20 days before the annual meeting. The ballot shall be inclosed 
in an inner blank envelope, and the outer envelope shall be endorsed 
by the voter, and mailed to the Secretary for collection. The blank 
envelopes shall be opened by three Scrutineers appointed by the Chair 
at the annual meeting, who will report the result of the election. 
A plurality of the votes cast shall elect. 


MEETINGS. 


The annual meetings shall take place at such time and place as 
the Council may decide, at which time reports shall be made by the 
Council, Treasurer, and Scrutineers of election, and the accounts of 
the Treasurer, audited by a committee of three appointed by the 
Chair. 

Other meetings may be held at such times and places during the 
year as the Council may decide, but at least 20 days’ notice shall be 
given of such meetings. 

Seven members ghall constitute a quorum at any regular meeting, 
and a majority shall rule, except when otherwise specified. 

The order of business at the annual meeting shall be:— 

1. Reading of Minutes of last meeting. 

Reports of the Council and Treasurer of the Society. 
Announcement of Election of Members. 
Announcemeént of the Election of Officers. 
Appointment of Nominating Committee. 

Qld Business. 

New Business. 

Reading of Papers. 


PUBLICATIONS. 


The Council shall act as a Publication Committee, and decide as 
to what to publish. The publications of the Society shall be sent to 
all Members and Associates not in arrears. The Secretary will furnish 
each author with reprints of his papers at cost price, provided due 
notice is given that reprints are desired. 

The Society is not, as a body, responsible for the statements or 
opinions expressed in its publications. 

PARLIAMENTARY STANDARD. 


Roberts’ “Rules of Order” shall be the parliamentary standard 
on all points not covered by these rules. 


AMENDMENTS. 


These rules may be amended at any regular meeting by a two- 
thirds vote of a letter ballot at the subsequent annual meeting, pro- 
vided a written notice of such proposed change is sent to each Member 
at least 30 days before said annual meeting. Said proposed amend- 
ments shall be printed on the ballot or officers and counted by the 
same Scrutineers. 
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PUBLICATIONS. 


The publications of the Society are as follows: 


Description of Volume. 





I. Transactions for 1899, 110 pages, 
bound in paper, 

Ii. Transactions for 1900, 278 pages, 
bound in paper, 





. Iii. Transactions for 1901, 230 pages, 


Vol 


bound in paper, 


. IV. Transactions for 1902, 300 pages, 


bound in paper, 





Vol. 


Vol. 





NW Transactions for 1903, 420 pages, 
bound in paper, 


VI. Transactions for 1904, 287 pages, 
bound in paper, 








Manual of Ceramic Calculation (contained in 


Vol. II as a part thereof,) 86 pages, bound 
in paper, 





The Collected Writings of Dr. Hermann Aug- 


The Collected Writings of Dr. Hermann Aug- 


ust Seger, Volume I. Contains (A) Trea- 
tises of a general scientific nature, (B) 
Essays relating to Brick and Terra Cotta, 
Earthenware and Stoneware, and Refrac- 
tory Wares. Pages, 552. Bound cloth, 





ust Seger, Volume II. Contains (B) HEs- 
says on Whitewares and Porcelain. (C) 
Travels, Letters and Polemics. (D) Un- 
completed works, and extracts from the 
archives of the Royal Porcelain Factory. 
Pages, 605. Bound in cloth, 


Cost of full set, not including manual 





unsold falls below 200 copies. 
will be increased to both members and others. 














Price to Price to 
Members. Others. 
$0.50 $4.00 
3.00 4.00 
3.00 4.00 
1.50 4.00 
2.00 4.00 
1.50 4.00 
1.00 1.00 
7.50 7.50 
7.50 7.50 
26 50 39.00 


At the last meeting, the council fixed a sliding scale of prices 
to apply to the sale of volumes of the Transactions, when the number 


As the copies become scarcer, prices 
The supply of two of 


the volumes has already fallen below 200 copies, and is diminishing 
steadily, and one other will probably pass below this mark during the 
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coming year. Members and Associates who do not yet own full sets 
are advised to procure them at once. 

At the same meeting the following resolution was adopted: 

Resolved, that the custom by which members and associates may 
obtain copies of the Transactions at reduced or so-called “members 
rates,” is intended only to enable each person to obtain one complete 
file of the transactions. 

The necessity of this resolution arose from the expressed desire 
of a member to buy a copy of the transactions, with the intent to sell 
it to a friend for whom he wished to save the additional price charged 
to non-members. In accordance with the spirit of this resolution, the 
Treasurer will not supply more than one copy of a volume to a member 
at reduced rate, except when loss or destruction of a volume gives 
good cause for so doing. 

At the same meeting, it was ordered that the Secretary should 
insure the copies of the Transactions still in his care, which has been 
done in the sum of $2,000. 

Every member or associate receives one copy of the Transactions 
free for cach year for which he pays dues. He is entitled to purchase 
copies for the years antedating his connection with the Society at 
the costs indicated in the first column. All others can obtain copies 
at the prices listed in the second column by sending order, accom- 
panied with check, to 


STANLEY G. BURT, 
Care of Rookwood Pottery Co., 
Cincinnati, Ohio. 
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LIST OF MEMBERS AND ASSOCIATES PRESENT AT 
SIXTH ANNUAL MEETING. 


Acheson, Edward G., Niagara Falls, N. Y. 
Parringer, Lawrence E., Schenectady, N. Y. 
Binns, Prot. Chas. F., Alfred, N. Y. 
Bleininger, Albert V., Columbus, Ohio. 
Bloomfield, Charles H., Matawan, N. J. 
Bowman, Robert K., Trenton, N. J. 
Bowman, William J. J., Trenton, N. J. 
Burr, Francis T., New York, N. Y. 

Burt, Staniey G., Cincinnati, Ohio. 
Campbell, Alexander R., Tottenville, N. Y. 
Clark, Thomas W., Charleston, W. Va. 
Cushman, Allerton S., Washington, D. C. 
Eiskesen, Thoge R., Matawan, N. J. 
Frerichs, William D., Tottenville, N. Vs. 
Ettinger, Frank S., New York, N. Y. 
Gates, William D.,.Chicago, Ills. 
Geijsbeek, Samuel, St. Louis, Mo. 
Hasburg, John W., Chicago, Ils. 

Higgins, Aldus C., Worcester, Mass. 
Hottinger, Adolph F., Chicago, Ills. 

Hull, Walter A., Shawmut, Pa. 

Jeppson, George N., Worcester, Mass. 
Koch, Charles Frederick, Covington Ky. 
Landers, William F., Indianapolis, Ind. 
Mandle, 1L., St. Louis, Mo. 

Ogan, Mark, St. Louis, Mo. 

Ogden, Ellsworth, Columbus, Ohio. 
Orton, Edward, Jr., Columbus, Ohio. 
Parker, Lemon, St. Louis, Mo. 
Parmelee, Cullen W., New Brunswick, N. J. 
Post, Malcolm P., St. Louis, Mo. 
Purington, Dilwyn V., Chicago, Is. 
Robinson, Edward W., Hartford, Conn. 
Sant, John, East Liverpool, Ohio. 

Stull, Ray T., Hlkland, Pa. 

Taylor, W. W., Cincinnati, Ohio. 

Volz., William J., St. Louis, Mo. 

Walker, Francis W., New Brighton, Pa. 
Watts, Arthur S, Victor, N. Y. 

Weelans, Charles, Trenton, N. J. 
Wheeler, H. A., St. Louis, Mo. 
Worcester, W. W., Columbus, Ohio. 
Young, George, Zanesville, Ohio. 
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PREFACE 


This volume contains the records of another successful meeting 
‘and another year of profitable work. The Cincinnati meeting measured 
up to any preceding meeting in. every respect, except possibly the 
number of papers, which were somewhat fewer, though more than 
could be read in the time available. The attendance was excellent, 

e being more than fifty present, though a number of these were 

not members ef the society and did not become so at that time. 
This volume contains, besides papers from our regular members, 
contributions of more than ordinary value from Mr. H. G. Acheson 
and A. S. Cushman, neither of whom had up to that time been identi- 
fied with the Society's werk, but who turned to it as the best body 
before whom to present their researches in America. This recognition 
is naturally gratifying to the members as evidence that they are 
making headway towards the goal which they have set themselves to 
reach. 

The volume is also improved by the addition of several theses 
prepared py students in ceramic schools or other colleges. There were 
a number of other documents of this character which were not in- 
cluded, chiefiy for lack of time to abstract them and prepare them 
for printing. 

During this year, the Society has entered a new field of work, 
through iis Committee on Ceramic Literature, which under the chair- 
manship of Prof. Charles Ff. Binns, has made a good beginning on the 
task of presenting a digest or review of the notable additions to cer- 
amic literature for the year. This review is intended to cover the work 
of the German, French and English technical press, besides. that of 
other ceramic societies. 

The continued growth in membership is worthy of remark. Not- 
withstanding the natural losses by death and withdrawal, the list has 
shown a healthy and vigorous increase each year, and that of the 
current year is greater than that of any preceding. The following 
table shows the facts as to the Society’s growth. 

















VEAR. | 1899 | 1900 | 1901 | 3902 | 1903 | 1904 

Honorary Members ......... ipsa | Be Te tick - ui 1 

Poreien) Members sig ss eg es ae SNe Gatveg dl 1 1 1 

Resident Members ........../ 21 220 (vies 26 25 29 

Poreion \ASsociates. iis. xel seas sy 3 v4 ts | 16 
Resident Associates ......... Givi oe of 67° |. 92 i AND 

fe IE REISE OTe A Tks eae | 102 | 126 | 166 





The foreign membership is steadily increasing. For the first time 
their names are listed separately; though this measure was prompted 


24 AMERICAN CERAMIC SOCIETY. 


by convenience, it calls attention to the fact not sufficiently appre- 
ciated by ourselves, that our foreign list has become quite a factor 
in our membership, and that our literature is steadily making its way 
into every civilized country in the world. 

The Society ordered, at the suggestion of Professor Wheeler, that 
a set of its publications be sent to the World’s Fair, at St. Louis, for 
exhibit in the Clay Industries space. I am gratified to report that the 
Society was awarded a silver medal for this exhibit, and this without 
any eifort upon the part of its members or officers. The jury passing 
upon technical journals was separate from that examining clay exhi- 
bits, and their award is all the more gratifying in view of its un- 
expectedness. 

The Secretary desires to say that the lateness of the issue of this 
volume is due to a combination of causes, which have not only delayed 
its appearance, but have actually restricted the size and value of the 
volume below what it could have been made. There has been ceramic 
literature in sight which could have been secured for this volume had 
it been possible to give it the time and attention required. Had this 
situation not been temporary, it would have been necessary to ask for 
an Editing Committee to take charge of the work; it is likely that the 
increasing size and importance of our publications will lead to this in 
time in any case, but for the present the system now in force has the 
merit of simplicity and economy which are not likely to be surpassed 
until a paid editor is possible. This has been suggested in connection 
with the founding of a monthly journal, but so far has led to no con- 
sideration of the plan. 

New announcements concerning publications appear in a separate 
page. 
EDWARD ORTON, JR., 
Columbus, O., Dec. 10th, 1994. Secretary. 


OPENING ADDRESS 


BY 


PRESIDENT Francis W. WaLKER, Beaver Falls, Pa. 


There are times in everyone’s life when words fail to express 

adequately one’s feelings. 
This is such a time in my life; I am unable to convey my 
full appreciation of the honor conferred upon me, an honor all 
the sweeter and more dearly prized because offered by my friends 
and associates. I can only thank you, and ask your indulgence 
as well as assistance in performing the duties of the office. 

Last year as vice president, at the Boston meeting, I had the 
extreme pleasure of introducing our now retiring President, Mr. 
Stover. Soon after his return home from that meeting, he was 
taken seriously ill, which illness has confined him to his home 
most of the year and I am sorry to say prevents him from being 
with us today. I know all of you will join with me in wishing 
him a rapid and complete recovery. 

This is the opening session of the Sixth Annual meeting and 
in this connection I wish to call your attention to a peculiar dif- 
ference between our society and most other organizations, viz.: 
Our volume of annual proceedings date from the beginning of 
each year. We occupy the somewhat unique position of having 
published our first volume from papers read and discussions held 
at the organization meeting. 

This meeting should prove a most valuable one from a prac- 
tical standpoint, it being the first opportunity that many of us 
have had of visiting the world renowned Rookwood Pottery. It 
also marks the beginning of a new procedure adopted at our last 
meeting, of publishing papers in advance when presented in 
time, in order to permit a more comprehensive discussion. 

The growth of our society has been most satisfactory. The 
increase in active membership, while small in number, has been 
of very great worth; the large increase, however, has been in asso- 
ciate members, the list having increased from thirty-three the sec- 
ond year, to fifty-five the third, seventy-four the forth and ninty- 
nine the fifth year. It is from our associate members that the 
active list must be increased and every encouragement will be 
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given to bring into the active list every associate who is willing to 
advance the good of the society with his technical skill. We have 
a number of associates who have shown their competency in cera- 
mics; we earnestly invite them to show also their willingness to 
assist in the advancement of the ceramic industry that we have 
undertaken through the operations of this society. Some of the 
most valuable papers read before our previous meetings have been 
from associate members, and the indications are that this meet- 
ing will not be an exception. 

I take great pride and pleasure also in calling your attention 
to the fact that we have had some valuable papers contributed 
from outside membership, as well as from our foreign members 
from across the great waters, who have shown their desire to be 
heard through the channels of our society. This should be con- 
clusive evidence of the broad field of our influence. It is no 
small compliment that those who have knowledge to impart feel 
the desire to give it out to the world through the American Cera- 
mic Society. This intercourse and exchange of knowledge with 
the older and more experienced pottery countries should be en- 
couraged. They can give us many valuable and practical sug- 
gestions, while we hope they may receive from us some informas 
tion which our well known freedom from conventionality may 
have enabled us to acquire better than the more canservative prac- 
tice of the Old World. 

The literature which has emanated from our society so far 
redounds greatly to its credit, and as time rolls on, it will be an 
encouragement to others to take up the field of research, which 
is only in its infancy, and add their share to the sum of human 
knowledge. 

Perhaps the monument that will stand to our greatest credit 
with the English speaking world is the translation and publica- 
tion of that wonderful Primer on Ceramics, “The Collected Writ- 
ings of Dr. Herman Seger.” This work was undertaken at the 
organization meeting of our society, and after five years of la- 
borious work on the part of the editor, the committee in charge, 
and, some of the members, they were able before the close of the 
fifth year to put within the reach of all English speaking people 
this invaluable document. Too much praise cannot be given te 
those who performed the tedious labor connected with this task. 
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When you consider the annual income of the society at the 
time of its inception, and its decision to translate and publish 
in English this great work with only $115.00 in sight, then and 
only then can you fully realize the enthusiasm of the small “band” 
of workers who had just associated themselves together for the 
common weal and advancement of the clay working world. If 
our society should do no more, it has already accomplished a great 
work. 

Has that enthusiasm, if you wish to call it such, been on 
the wane since the inception of our society? In answer, I will ask 
you to look over carefully the papers appearing in the Transactions. 
Compare the later papers with the earlier ones, and with- 
out placing one atom of criticism upon the first products of 
the society, I feel sure you will all agree with me that the de- 
velopment of thought as well as technique shows a wonderful ad- 
vancement in knowledge and resource. Professor Wheeler in his 
retiring address at Detroit, encouraged us to look forward to the 
technical advancement of the industry, citing the wonderful place 
the steel industry had assumed through the technical skill of their 
chemists, and pointing out the barriers that secretiveness had 
thrown around the manipulations of its manufacture, at the time 
the chemists was brought into the field as a factor. Was it an 
easy task for these first hard-plodding technicists? Those of you 
who have read the “History of the Carnegie Steel Company” will 
recall the difficulties of that enlightened concern when their ex- 
pert chemists come in contact with the obstruction of the “practi- 
cal superintendent.” In this respect the iron industry is not an 
exception. 

An examination of the history of the clay industries will still 
show you “secrecy” and “ignorance” working hand in hand. 
Many of the so-called “secrets” are really most valuable knowl- 
edge, but the owner in many cases does not know that they are 
merely good illustrations of the simple technical laws. It is the law 
that is valuable, not the isolated example of its action. As greater 
knowledge is placed within the reach of such persons, they will soon 
see, as they did in the steel industry, that the information to be 
obtained from the technical student will more than repay them for 
the “giving up” of some of their practical knowledge. 

I think I am safe in saying that Professor Wheeler’s pre-. 
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cursory remarks have already shown signs of working out; many 
of our practical potters are beginning to realize that the inform- 
ation to be had through this society is of the highest value. This 
accounts in many instances, for the additions to our associate 
membership list. As time rolls on, we hope that the “practical 
men” among our associate members will begin to feel that they 
must assist in the advancement of knowledge, and that we will 
find them working on the difficult problems of the ceramic indus- 
try in connection with the technicist, for the benefit of our meet« 
ings. H 
i Through our association with, and meeting at the same time 
and place as the National Brick Manufacturers Association, we 
have succeeded in getting a large membership from that industry. 
We have convinced the brickmaker that the influence of this so- 
ciety is for the good of all manufacturers of clay. Is it not possi- 
ble to have this same influence thrown around the “potter,” so 
as to enlarge our membership among the manufacturers of the 
more delicate and artistic lines of ware? If this can be accom- 
plished, our literature will become replete with many valuable 
contributions as well as our meetings strengthened by the presence 
and influence of many newcomers. They will have the pleasure 
of assisting in unraveling some of the very problems that they are 
now unable to attack successfully. 

A few days ago, I noticed the question asked, “How would 
you spend $1,000,000 for science?” Replies from a number of 
eminent scientists: “Hygienic living,’ “Exploration,” “Ornith- 
ology,” “Aeronautics,” “Philanthropy,” “Art,” ete., all had their 
advocates. The reply that struck me most forcibly was along the 
line of practical science in agriculture by Hon. James Wilson, 
Secretary of Agriculture, wherein he pointed out what science 
had done and was doing for the benefit of mankind on the farm. 
In discusing what the scientific treatment of the soil will do to 
increase the products of crops he stated that the government was 
spending about six million dollars annually for the advancement 
of science along these lines, and said further, ‘‘I would like to 
spend a million more dollars in teaching the people about the 
lands they walk on and from which they draw their sustenance.” 
In reading this statement I could not help but draw a comparison 
between the encouragement received by the clay industries of 
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France and Germany and that given by our governments. Should 
not our government do for the clay worker at least a part of what 
it is doing for the advancement of science in other lines? 

The Geological Survey Department could do most valuable 
work for the clay industries of the country, giving the complete 
analysis and physical tests of the deposits in all sections; such 
reports would add greatly to our literature and be invaluable to the 
clay worker. Is it not worth the effort to try to have this done? 

Again thanking you for the honor conferred upon me, we 
will proceed to the business before us. 


DISCUSSION. 


Professor Edward Orton, Jr.: It seems to me the President has 
made an exceedingly valuable suggestion this morning, in point- 
ing out what might be profitably done by the Government towards 
the development of the ceramic industry. It is something I have 
thought of from time to time in the past, but never in just the 
light in which our President has brought it forward. 

Of course, we must recognize that the government is already 
spending more or less money in the development of our work, and 
is doing it in several different ways. You will notice on the pro- 
gram for this meeting a paper by Dr. A. 8. Cushman of the 
Road Material Laboratory in the Bureau of Agriculture. This 
Bureau is taking up the matter of good roads, and that involves 
the use of clays, and clay products most extensively. Both Mr. 
Page and Dr. Cushman of that department have been pursuing a 
very interesting series of researches along this line and their 
bulletins are full of valuable information. 

In another way, the Government is helping us, by supporting 
tthe State universities. In two of these institutions we now have 
departments directed especially to our line of work, and the 
chances are that this work will in a short time be extended to 
other schools. In Iowa, they had gone to the length of announc- 
ing the opening of a ceramic department several years ago, but 
owing to a fire immediately afterward, which crippled the re- 
sources of the institution seriously, no very tangible results have 
come of it, but I look forward confidently to the time when we 
will have Iowa in our work. 

Besides the schools which maintain formal ceramic depart- 
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ments, nearly all of them give good training in the Chemistry, 
Physics and Mathematics which are fundamental in this and all 
other engineering and technical industries, and many more give 
many other courses coming still closer to our field of operations, 
as metallurgy, economic geology, use of fuel, thermodynamics and 
the lke. 

You say that is state work; but after all, these state schools 
owe their foundation to the government act of 1862 and owe their 
continued support to a government act of 1890. So they not 
only receive their original start from the government, but a part 
of their present support comes directly from government money, 
and to that extent the government is helping us now. But its 
influence helped us most, when it placed in the hands of the legis« 
latures of the different states opportunity and incentive to still 
further broaden and increase this work of industrial education as 
they may see fit. 


The direct appeal to the government to take up more spe- 
cifically work for the clay industries, probably through the United 
States Geological Survey, seems to me a good suggestion. They 
have done more or less work in examination of the clays of differ- 
ent states; a large Bulletin has recently appeared from the pen of 
Dr. Ries. I think there is no doubt that if the matter is properly 
presented to the Director of the Geological Survey it will be pro- 
ductive of results. In fact, one of the corps indicated to me sev- 
eral years ago that a monograph on a certain subject could easily 
be had if it was gone about in a proper way. It seems to me that 
the efforts of this society were directed toward selecting some one 
topic upon which it is desired to have an investigation made, that 
an official request to the Department to take it up would very 
posibly be granted. 

The idea of establishing a pottery, subsidized by the govern- 
ment, and specially directed to the production of the most ornate 
and artistic articles as is done in the French factory at Sevres, 
or of a Government-supported testing station and experimental 
bureau, like the Versuchs-Anstalt at Charlottenburg, Berlin, in 
Germany, has never been broached in this country so far as I am 
aware. 

Whether the idea would meet favor among statesmen in this 
country is doubtful, and I should not be surprised if some mur- 
murs were heard from the ceramic industries themselves on the 
subject of undue competition and unnecessary expenditure of 
public funds. 

Be this as it may, President Walker’s suggestion has served 
to call our attention to a subject of fruitful interest. 


EGYPTIANIZED CLAY. 
BY 


Epwarp G. AcHESON, Niagara Falls, N. Y. 


Having worked out the problems involved in the manufac- 
ture of graphite from coal and other carbonaceous materials, I 
undertook in the summer of 1901 the introduction of this arti- 
ficially-made graphite into the crucible trade. The first step 
being the production of a crucible, I set to work on the making of 
a satisfactory one of my graphite, using as a binding material | 
domestic clays employed in neighboring factories. Many diffi- 
culties were encountered and much confusion resulted in the 
effort to properly place the blame, whether on the graphite or 
clay. I soon learned that the manufacturers of crucibles in the 
United States invariably used clays imported from Europe, and 
more particularly from Germany. I obtained samples of the 
German clays and found them much superior to the domestic 
ones, in the matter of plasticity and tensile strength. A chemical 
analysis failed to disclose the cause of the differences. The 
question involved was of a kind that interested me much, and I 
read everything at hand pertaining to the subject, including a 
great deal about residual or primary clays; sedimentary or sec- 
ondary clays; kaolins and ball clays; bacteria and organic mat- 
ter; ageing and plasticity and much more that was interesting 
and otherwise, and in the main confusing and wholly wanting 
in an adequate explanation of why in nature we find two clays 
almost identical in chemical composition while decidedly differ- 
ent in physical properties. 

I was perhaps fortunate in being a stranger to the art of 
elay working, unbiased in my opinions, accustomed through my 
experiences with the discovery and development of carborundum 
and artificial graphite, to think and act without regard to the 
recorded opinions of others—a free lance. Under these influ- 
ences, or rather free from influences, I concluded to endeavor to 
determine the cause of these varying conditions. We had here 
to do with one of nature’s methods of preparing her products 
for the use of man. We are quite used to her method of modifi- 
cation by chemical alteration, but this was a case of a definite 
chemical compound appearing under varying physical character- 
istics—a condition of metamorphism, presenting a study some- 
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what analogous to the transformation of anthracite coal into 
graphite, a problem I had but recently solved. I found it gen- 
erally stated that residual clays were usually of low plasticity, 
while sedimentary clays were more or less highly plastic. Here 
was the starting point. Plasticity seemed to be developed by 
or during the act of transformation from the point of formation 
to the final resting place. I did not believe that there was any- 
thing in the simple suspension in water that would produce the 
effect noted, and therefore looked to the possible foreign matter 
carried by the water for the primary cause. It seemed to me 
the most likely agents were the organic substances washed into 
the running waters from the forests. With this idea in view, 
I made a few experiments with those substances I thought hkely 
to be found in the washings of vegetation. The first experiment 
was to suspend kaolin in a solution of acetic acid, allowing it to 
remain some hours, watching meanwhile for any change that 
might occur. No change was detected. | 


The second experiment was to treat kaolin in a similar man- 
ner with carbolie acid, with the like negative results. The third 
experiment was to treat kaolin with creosote, with the same nega- 
tive results. The fourth experiment was to treat the kaolin with 
solution of gallo-tannie acid, and I at once noticed that the 
presence of the tannin reduced the amount of water necessary to 
produce the desired fluidity, and on further examination the ten- 
sile strength and plasticity were found to be increased. Syste- 
matic experiments were now started, and I cannot give the 
results of the next few months better than by quoting from the 
laboratory notes as kept by my then assistant, Mr. F. A. J. 
Fitzgerald : 

Aug. 24: 40 kilograms of kaolin were weighed out into a tub 
and to this were added 39 kilograms of water, in which was dissolved 
194 grams of gallo-tannic acid. As thorough a mixture as possible 
was made, but all the lumps could not be broken up. The mixture 


will be allowed to stand several days in the hope that a more complete 
disintegration of the clay will take place. 


Aug. 26: To the mixture in the tub was added 1 kilogram of 
water, in which was dissolved six grams of gallo-tannic acid. This 
makes the total mixture: 

AST ibs WOO eR ney AIAG MA TEAS ARN YAY 40 kilograms 
5 GE 15 oi he eg AMMA RR SDP BSS UU GRD 1489 40 kilograms 
COATOCTIEL URE ie aie lem cbran on iar atta alerts 0.2 kilograms 
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This makes an addition of 0.5 per cent. gallo-tannic acid to the 
clay. The lumps originally noticed in the mixture in the tub are 
gradually disappearing. 

A mixture of 210 grams of kaolin and 210 grams of water was 
made up and compared with the mixture in the tub. Although the 
proportions of water and clay are the same, the mixture made up 
without the gallo-tannic acid is very much stiffer than that from 
the tub. 

Aug. 36: Mixture in the tub has been well stirred every day and 
appears to become thinner on standing. 

A specimen of the clay under treatment in the tub was taken out 
by dipping a dish to the bottom and then raising out of the tub. 
Another sample was taken out by dipping only three inches below the 
surface of the mixture. Both samples were dried on the water bath, 
and were found to have a different color when dried. Both samples 
give strong blue color when tested with solution of Ferric Chloride. 

Ten grams of the dried specimen from the bottom of the tub was 
moistened with water, also ten grams of ordinary kaolin, which had 
not been treated with the tannin, was moistened with the same amount 
of water. The kaolin which had been treated with the tannic acid 
became quite liquid, while the ordinary kaolin was viscous. 

To find effect of very small amounts of tannin a solution contain- 
ing 0.1 per cent. was made up. Two specimens of kaolin, of 10 grams 
each, were weighed out. To one was added 10 ces. of water, to the other 
10 ces. of the 0.1 per cent. tannin solution. The latter is distinctly 
more fluid than the former. 

Aug. 31: A specimen of clay taken from the bottom of the tub 
(Aug. 80) was taken for filtration today. The centrifugal machine was 
used, but it was impossible to obtain a clear solution in that way. 
The mixture was then thrown on a filter and every precaution taken 
to obtain a clear filtrate; but it was found impossible to obtain a clear 
liquid. The material on the filter was washed and the clay frequently 
tested for tannic acid. After prolonged washing the reaction with 
ferric chloride appeared to be just as strong as at the first. This 
suggested the notion that some compound insoluble in water was 
formed by the tannic acid and clay. Some of the clear supernatant 
liquid in the tub was therefore tested with ferric chloride, and have 
no reaction therewith. The ferric chloride reaction is a very delicate 
- one, as it was found that it gave a very deep blue color with a tannic 
acid solution of 1 in 1,000. 

I now began to wonder at the effect being unknown, one 
that might have so much value to an industry of such colossal 
dimensions and great antiquity as clay-working. Moreover, it 
was amazing that it should not be known in view of the tremen- 
dous amount of experimental work done on the art, as instanced 


by the reputed 30,000 experiments of the German chemist Pott, 
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on the manufacture of porcelain. I made an effort to find in the 
history of clay-working some record of the addition of vegetable 
or organic matter to clay. Only one instance could I find, that 
of the Egyptians as recorded in the fifth chapter of Exodus. 
The accepted theory of using the straw fibre as a binding agent 
for the clay never had appealed to me, and it now seemed likely 
those ancient people were familiar with the effect I had dis- 
covered. I procured some oat straw, boiled it in water, decanted 
the resultant reddish-brown liquid and mixed it with clay. The 
result was like that produced with gallo-tannie acid, and 
equal to the best I had obtained. This explained why the straw 
was used, and why the Children of Israel were successful in 
substituting stubble for straw, a course that would hardly be 
possible were the fibre of the straw depended upon as a bond for 
the clay, but quite feasible where the extract of the plant was 
used. 

I would here call attention to the fact that an experiment 
with a certain clay showed greater tensile strength in a briquette 
dried at 100 deg. C., made of the clay treated, than in a burnt 
brick of similar clay untreated and untempered, as is shown in 
the experiment of January 23rd, 1902, hereafter cited. It was 
therefore perhaps possible for the Egyptians to produce a sun- 
dried brick of greater strength from the straw-treated clay than 
from the same clay untreated and burned. 

Returning to the laboratory notes, we find as follows: 


Sept. 2: Extracted 25 grams of green sumac leaves with water 
and obtained liquid giving a strong reaction with ferric chloride. The 
liquid also produced similar effect with clay to that obtained with the 
tannic acid solution, at least as far as making it more liquid was 
concerned. An extract of 25 grams of powdered spruce bark gave a 
very faint reaction with ferric chloride, but its action on kaolin was 
very marked, being apparently more marked than that of a 0.5 per 
cent. solution of gallo-tannic acid. Tests were also made with tea 
leaves, oak bark, and catechu with favorable results. 

An infusion of straw was also made up, and clay treated therewith 
gave results similar to those obtained with tannic acid. 


Sept. 3: Four samples of kaolin weighing 10 grams each were 
taken, and were mixed respectively with 10 cu. cms. of the following 
liquids: 

1. Water. 

2. 1 per cent. gallo-tannic acid solution. 

3. Infusion of spruce bark of unknown strength. 


—_— 
4 
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4, 1 per cent. solution of catechu. 

Numbers 3 and 4 gave the most fluid mixtures; 3 being slightly 
more fluid than 4. 

Sept. 7: Experiments were made with Vicat’s apparatus, the 1 
ecm. diameter rod being used. Considerable difficulty was found in 
making the tests. The results finally obtained are as follows: 

Harris kaolin: Rod penetrated the clay 33 millimeters in 1% 
minutes. Total water in clay 38.1 per cent., or added water 28.0 per 
cent. Water of dehydration 10.1 per cent. 

Harris kaolin from tub: Rod penetrated the clay 35 mm. in 1% 
minutes. Total water 34.6 per cent. or 24.5 added water. Water of 
hydration 10.1 per cent. 

Sept. 31: A specimen of the mixture made up Sept. 18, containing 
2.5 per cent. catechu, was filtered today and filtrate tested with ferric 
chloride. This gave the tannin reaction. As all action in the mixture 
seems to be over, there is apparently an excess of catechu. 

Oct. 7: Experiment made today to determine effect of tannin 
treatment as regards the porosity of clays. With this test was included 
an experiment on the effect of ammonia on clays, since it was found 
that ammonia produced the fluidity effect on clays. The result of 
the tests was as follows: 


cl Real Apparent Porosity 
rnd Density. Density. (Per cent) 
EIS ECA iT a al al let la ibelai osha ie 2.59 1.48 43.0 
Harris Kaolin, (Tannin treatment).... 2.59 1.75 sae 


Harris kaolin (Ammonia treatment).. 2.59 1.67 55.5 

Oct. 20: <A series of tests on the absorption of tannin by Harris 
kaolin was begun on Oct. 9, and finished today. The results are shown 
in the following table, where the first columns show the percentage of 
tannin added to the clay, and the following columns the result observed 
each day of treating the clear filtrate with ferric chloride: 


Number of Days during which treatment continued before color 
test was applied. 





Tannin 
Per Cent. 
1 2 3 4 5 6 7 8 9 10 
BOO i eveitasie NTO Teed one re Ma stalet alltel a, Sts MeN RSD Sr ocala TAR Ye\ aior.qlat tele a fay atest hlhveistiouel| (aay afelle/s 
0 AL-15 aU AM ee INOS ete ea elo TUS WILD AIN FL: Cer tallied MOSM THRUE TU iatada, (taraa lye al tyatayarertalt |i slatae ol 
POD eles ie eves alte GLEGM WORE! ie eee ciae ai llecvsretels [eulocio ge tieietel clas dl atenae oysitiae yy 
lue 
Dic TRY os Faint |Green|Faint |Faint |None J... ..c] ccc ciel ea cces | coccceleccsee 
Blue Blue |Creen \ ‘ ; 
BOO ierelais'e,vie'ss Blue |Faint |Faint |Faint |Dark |Dark |Light |Light |Faint | Faint 


Blue |Blue Blue |Green|Green|Green|Grecn Green| areen 





Jan. 23, 1902: It has been found that various substances will pro- 
duce the fluidity phenomenon in clays, such as beer, claret, ammonia, 
etc., but acetic acid and ammonium chloride will not. Ammonium car- 
bonate produces the fluidity phenomenon, but this may be due to the 
‘free ammonia which is unavoidably present. 
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Result of experiments made today on tensile strength of clays. 
gave the following results: 


Specimens Dried in Air Bath. Kilograms No. of Per cent. 
120 deg. C. persq.c.m. Tests. Deviation 


Harris kaolin treated with 


2 per cent. catechu for 3 months.. 18.22 4 12.5 
Harris kaolin treated with 


2 per cent. catechu for 10 days.... 19.75 4 16.2 
Harris kaolin wetted and 


molded immediately............... 5.738 4 6.0 


Specimens Baked. 
Probably 1200 deg. C. 


Harris kaolin treated with 


2 per cent. catechu for 3 months... 2691 6 7.8 
Harris kaolin treated with 

2 per cent. catechu for 10 days.... 25.18 7 10.5 
Harris kaolin wetted and 

molded immediately............... 17.89 ti: 14.3 








The temperature was not determined at the time of baking 
but was that attainable in a muffle furnace, using anthracite coal 
and good natural draught, the briquettes being in contact with 
the fuel; the conditions being similar to those under which I have - 
repeatedly melted cast iron. It probably reached 1,200 deg. C. 

The following table of results, obtained with above mixtures, 
will indicate clearly the effects products: 





Mean Absorbs Linear 
Harris Kaolin. No.of Breaking Ratio percent. Shrinkage 
In Briquettes. Tests. Load per of per 
sq.cm.in kilos. water. cent. 
Untreated, 
Dried at 1200. ee en 4 5.73 1 aia 6.00 


Treated with 2 per cent. 

Catechu for 10 days, 

Dried at 120C....... uv 4 19.75 3.45 aNatbds ol was 
Treated with 2 per cent. 

Catechu for 3 months, 

Dried at 120C....... i 3 18.22 3.18 SOA 4.38 


Untreated, baked........ 7 17.88 1 25.7 7.50 
Treated with 2 per cent. 

Catechu for 10 days, 

BAO NL AG OU TaN 7 25.18 1.45 
Treated with 2 per cent. 

Catechu for 3 months, 

Bakea yy igi Mie ee 6 26.90) LN SOV LEYS 6.25 


Notwithstanding the large mass of accumulated evidence 
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of the novelty and value of the discovery, I still wished for 
further proofs of the truth of the matter before making any pub- 
lic announcement. Time passed by until January, 1903, when I 
concluded to submit the matter to some recognized authority. 
I anticipated some difficulty in procuring the desired assistance, 
owing to my being a perfect stranger in the art, and the rather 
startling nature of my claims. I was fortunate, however, in 
securing the co-operation of Dr. Heinrich Ries, before whom I 
laid the results of my investigation, supplemented with a de- 
monstration of one of the effects of treating clay with gallo- 
tannic acid. Dr. Ries was convinced that the subject was worthy 
of his consideration, and undertook a series of experiments on 
lines similar to those I had made, for the purpose of determining 
the truth of my deductions. 

Dr. Ries’s first report was as follows: 

: Ithaca, May 18, 1903. 
Mr. E. G. Acheson. 

My Dear Sir: I beg to submit herewith my report of the 
experiments which I undertook for you, to determine the effect 
of tannin or other organic compounds on the physical properties 
of clay. 

While these experiments were undertaken with the purpose 
of testing the accuracy of your conclusions and to see whether 
my results were corroborative of yours, I may state that until 
the work was nearly completed I was acquainted only in a gen- 
eral way with the details of your trials. I am glad that this was 
so, since I feel that I was able to proceed without any bias, and 
that as my results have corroborated yours, the various proofs 
can with reason be considered all the stronger. 

The facts that I started out to determine were the following: 

Do tannins or other vegetable compounds added to clay 
affect 
The amount of water necessary for tempering? 

The amount of water necessary to make a slip? 

The air shrinkage of the clay? 

The total shrinkage of the clay? 

The tensile strength of the dried and burned material? 
The degree of cracking in drying, if any occurs? 

The color of the ware when burned ? 


So ee YS 
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8. The hardness of the green and burned clay? 

8a. Effect on the plasticity ? 

9. If these effects are produced, what is the nature of the 

action of the tannin ? 
Modifying agents used. 

The materials which I experimented with were 

1. Gallo-tannie acid. 

2. Catechu. 

3. Emulsion of straw. 

Clays employed. 

The clays chosen for the tests were the following: 

1. Kaolin from the Harris mines near Dillsboro, N. C. 
A whitish burning china clay of low plasticity, and one which 
burns to a rather porous body at moderate temperatures. 

2. Kaolin from the Burgess Kaolin Co., at Hockessin, Del- 
aware. Burns white with a slightly yellowish tinge, lacks in 
plasticity and has moderately high air shrinkage. 

3. Kaolin from southeastern Pennsylvania (probably 
South Mountain district.) This is a whitish clay of poor plas- 
ticity, very low tensile strength, and cracks very badly in drying 
and burning, no matter what precautions are taken. 

4. Ball clay from Florida. Plasticity fair, color white 
when burned, but tends to crack if too much is used in a 
pottery mixture. 

5. A No. 1 fire clay from New Jersey. A clay of low ten- 
sile strength, but quite sticky and refractory. When used alone 
it cracks badly in drying and burning. 

6. A white burning clay from Georgia. A material of low 
plasticity and tensile strength but very refractory. 

7. Washed ball clay from Edgars’ pits at South Amboy, 
N. J. This again is a clay of low tensile strength, and one which 
when used alone cracks badly in drying and burning. 

8. <A retort clay from Berry’s pits at Woodbridge, N. J. 
Clay of dense burning quality but not high tensile strength. 

You will see from an examination of the above that I 
selected a series of clays that weré deficient in some of their 
physical properties, and in some eases so poor as to severely test 
the efficacy of the tannin treatment. As you can also see from 


/ 
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what follows, I was not able to effect a positive cure in all cases, 
but a decided improvement was at least visible. 

In all about forty samples of clay were mixed up, and where 
the clay was not received in a powdered condition it was ground 
up sufficiently fine to pass through a sieve of 20 meshes to the 
linear inch. 

In mixing the tannin with the clay, I adopted the plan in 
my earlier experiments of stirring the powdered tannin with the 
clay and then adding water, but in all the latter ones, I dissolved 
the tannin in the water first and then added it to the clay. 

Where the treated clay was to be molded at once, it was 
mixed with water to a mass of sufficient plasticity for molding, 
and this was then thoroughly kneaded for fifteen to twenty min- 
utes. I am inclined to think that in the majority of cases this 
is as effective as allowing the material to soak for ten days, 
because the through kneading allows the tannin to thoroughly 
permeate the clay mass. 

Now to take up the ten points enumerated in the beginning 
of my report. 

1. Amount of water necessary for tempering the clay. 

The addition of either tannin or straw emulsion to the clay 
diminished the amount of water that was necessary to produce 
a sufficiently plastic mass for molding. 


Clay and Treatment Given. Per cent of water 


by weight. 
Harris kaolin alone required...............cccc cece ncoes 40.00 
Harris kaolin with 144 per cent. gallo-tannic acid......... 30.00 
Harris kaolin with 1 per cent. gallo-tannic acid.......... 27.00 
Harris kaolin with 2 per cent. gallo-tannic acid.......... 25.00 
Harris kaolin with % per cent. catechu................. 28.50 
Harris kaolin with 2 per cent. catechu.................. 25.00 
Penney Vania KAOMD | BIONE 2) weiss alee es eww bid aadians 43.12 
Penn. kaolin with 1 per cent. gallo-tannic acid........... 35.00 
Penn. Kaolin with 2 per cent. catechu..............2.0085 30.00 
Hockessin kaolin alone............. WA Ret i ey Dt ial 41.50 
Hockessin with 2 per cent. catechu..................000- 36.00 

(somewhat softer than the preceding.) 

ee MR PERLE CPL UBIO cl giv ine le etal ial ally ‘aila alie’ ies. ws Bugs slave 6 33.50 
Florida ball clay with 2 per cent. catechu............... 33.00 


(mixture wetter than preceding so that less water could 
have been used.) . 


These it seems to me seem to show the effect of tannin in 
decreasing the amount of water required to make a paste. 
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2. Amount of water required to produce a ship. 


For this the clay was mixed with water until its consistency 
was that of thick cream. This was tried on several of the samples 
that were to stand for ten days. 


Clay and Treatment Given. Per cent. of water 


by weight. 
Florida ball clay alone when mixed to cream required.114.0 
Same, with 1 per cent. gallo-tannic acid.............. 93.7 
Same, with straw emulsion. 23.0.0 .0..... 0c eee eee ees 9330 
Same, with 2 per cent. catechus 2). oi... ii ele bes cleo ol 83.0 
A similar effect was noticeable on other clays. 
3. Since the amount of water added with tanmn present 


is less, there will be less water to evaporate from the clay, and 
there should consequently be a decrease in the air shrinkage. 


This point was determined on several clays, as follows: 


Air Shrinkage. 


Clay and Treatment Given. Bere 


Harris’ kaolin, alone. ee aie ale efale O's). alioiels vo) 'el 5.00 
Same, with % per cent. gallo-tannic acid.......... 4.6 
Same, with 1 per cent. gallo-tannic acid........... 4.6 
Same, with 2 per cent. gallo-tannic acid........... 3.3 
Same, with 2 per cent. catechu..................- 4, 
New Jersey retort clay alone..........----eeeeees i a 
Same, with 1 per cent. catechu...............--05. 6. 
Same, with 1 per cent. gallo-tannic acid........... 8. 
Same, with straw emulsion...........- eee eeeevees 8. 
Florida ball clay ‘alone......:.)..... Pi ake na yg eeu ae 10. 
Same, with 1 per cent. catechu..............-...-- 9. 
Same, wiht 2 per cent. catechu.................-. 8.3 
Hockessin Kaolin alone... 2... eis ee ee ees cees 6. 
Same, with 2 per cent. catechu.............-++.05- 5. 


Total shrinkage of the clay. 

This was determined by burning several bricklets at differ- 
ent temperatures. Total shrinkages of the Harris kaolin at 
several temperatures are given below. 


Clay Mixture. 850 C. Cone 1. Cone 5. Cone 8. 
Harris kaolin, alone...............- | 6.3 | 7.6 | 10. | 15. 
Same, with % per cent. gal. tan....| 5.3 | 6.6 | 10. Li 
Same, with 2 per cent. gal. tan...... SSS an Faas ee a 
Same, with 1% per cent. catechu..... aie javs ein tee ean 13. 3 
Penna. kaolin alone............---- BPE Paea Naa Re CE OM, 
Same, with 1 per cent. gal. acid..... STE A ii il DB 


5. Tensile strength. 
In the ‘‘green’’ or unburned he the effect produced by 
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the tannin was remarkable. Two lines of experiment were tried. 
In one the briquettes were molded as soon as the clay, water, and 
tannin had been mixed; in the other the whole was allowed to 
stand for ten days. I am inclined to think that thorough knead- 
ing is as effective as ten days’ standing. 


Results obtained by molding at once were as follows: 


Clay and Treatment Given. Tensile strength 


lbs. per sq. in. 

Harris kaon untreated ic uu siouiiu wa aceugind ua dius 65 
Same, with 1% per cent. gallo-tannic acid........... 84 
Same, with 1 per cent. gallo-tannic acid............ 90 
Same, with 2 per cent. catechu.................... 160 
New Jersey fire clay, straight...................0. 30 
Same, with 1 per cent. gallo-tannic acid............ 36 
New Jersey retort ‘clay, straight...) bek eee 61 
Same, with 1 per cent. catechu.................005 67 
Same, with straw emulsion............... Cera ay 125 
FIOTIGA Ball Clay SEPA ee ey Eu Ue 157 
Same, with 1 per cent. catechu.................... 179 
Same, with 2 per cent. catechu.................00. 267 
Mockessin ‘kaolin: straighee oy key le wile ale Ge 61 
Same, with 2 per cent. catechu...............0..0. 188 
Penn. Kaolin, straight, 

(cracked so it could not be tested)............ : 
Same, with 1 per cent. gallo-tannic acid........... 36 


The following results were obtained on mixtures which had 
sstood several days. 


Clay and Treatment Given. ies iis pera 


Harris kaolin with 1 per cent. gal. tan. acid, 10 days 101 


Pa. kaolin with 2 per cent. catechu, ten days....... 60 
N. J. fire clay, 1 per cent. gal. tan. acid, 8 days..... 38 
N. J. retort clay, 1 per cent. gal. tan. acid, 10 days.. 80 
Same, 1 per cent. catechu; 8 dayse soe LTE S 
N. J. ball clay, 1 per cent. catechu, 10 days........ 45 


Georgia white clay, 1 per cent. gal. tan. acid, 10 days 65 


These tensile strength figures usually represent the average 
-of twelve tests. In some eases as many as fifteen or sixteen were 
‘tested. In the burned samples two clays, were tried, viz.: the 
kaolin from North Carolina and that from Hockessin, Del. The 
‘treated ones in both eases contained two per cent. of catechu. 
“The briquettes were burned at 800 deg. C. as determined with a 
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thermo-electric pyrometer, and they were held at that tempera- 
ture for one hour. This yielded the following results: 


Clay and Treatment Given. Tensile strength 


ibs. per sq. in. 
Harris kaolin; | stralgng eee ie De eres 160 
Harris kaolin, with 2 per cent. catechu..275 maximum 300 
Hockessin: kaolin, straight. i eee ee ee 115 
Hockessin kaolin, with 2 per cent. catechu.......... 195 


These represent the average of six tests each. The briquettes 
when put into the furnace showed a decided difference in color, 
but in burning this disappeared. It will be noticed on exam- 
ining the fractured surface of the briquettes that the center, 
corresponding to the interior of the brick, is rather white in 
color. I do not believe that this white part represents bleached 
tannin, left in the clay, because at 850 deg. C, the temperature 
at which the briquettes were burned, the tannin compounds 
would certainly have been destroyed. What I believe is that the 
tannin in burning off, took up oxygen from the atmosphere of 
the furnace, and prevented the iron in the clay from getting any 
and thereby becoming oxidized, and hence the interior of the 
clay piece remained white, due to reduced iron. If, now, after 
the tannin had been driven off, the briquette is kept hot for a 
while, the iron begins to oxidize, this action beginning at the 
surface and extending inwards, but the briquettes were not left 
in the furnace long enough to enable the iron to change all the 
way to the center of the clay piece. 

If the clay is burned harder than is necessary to burn off 
the tannin, the tensile strength of the treated and untreated clay 
seems to be more alike. 

6. Cracking in drying. 

Three of the clays used show air cracks to a most marked 
degree, so that it is difficult to find a briquette sufficiently free 
from flaws to test its tensile strength. In the case of the Penn- 
sylvania clay I found that the air cracking was diminished but 
not entirely prevented by the addition of catechu. The New 
Jersey fire clay and the ball clay from the same state also showed 
signs of improvement. There are clays which crack so badly 
that I doubt if any amount of tannin could improve them, as 
for example the Klingenberg clay from Germany. Such clays: 
are worthless if used alone, but possess high bonding powers 
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when sandy materials are added to them, and it is possible that 
if the tannin were added to these mixtures, that their tensile 
strength might be raised. 

7. Color when burned. 


The temperature at which all traces of tannin seem to have 
disappeared from the clay seems to be about 850 deg. C., for at 
this heat no coloring effects seem to be left, although they are 
present at as high a temperature as 700 deg. C., as can be seen 
“from the bricklets accompanying this report. However, the 
temperature of 850 deg. C. is a much lower one than the clay 
would ever be burned at in practice. Some clays turn an inky 
blue when treated with catechu, as can be seen from one of the 
air dried samples, but this coloration burns off entirely, and in 
no way affects the color of the burned ware. 


8. Hardness of the green and burned clay. 


In the green condition the treated clay is more solid and 
harder than the untreated material. In the burned material I 
found that the treated clay in the case of both Hockessin and 
Harris was so much harder than the untreated, that the former 
would seratch the latter. 


8a. Effect of tannin on the plasticity. 


There is up to the present day, unfortunately, no satisfac- 
tory means of measuring accurately the amount of plasticity 
which a clay may show, and about the only way to judge of the 
degree shown by any clay is to feel it. It seems that the tannin 
increases the plastic feeling of most of the clays tested. 

9. Cause of the action of the tannin. 


It is but natural to speculate regarding the change which 
the tannin compounds produce in the structure of a mass 
of clay so as to materially increase its strength and plasticity. 
My theory was that the probable effect of the tannin was to 
defloceulate the clay particles, or in other words to break up the 
compound grains formed by the cohesion of a number of small 
particles, and convert them all into single or individual grains. 
To test this theory I mixed up a little clay in water, and found 
on examining it under the microscope, that many of the grains: 
were compound or flocculated. I then took the same amount, 
and stirred it up with some gallo-tannic acid. After letting it: 
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stand for a while I examined it again, and found that most of 
the compound grains had disappeared, and that the clay was in 
a puddled condition. 


As regards the retention of the tannin by the clay, a sample 
was taken of the slip of clay containing gallo-tannic acid after 
it had been standing for several days, and put through a Pasteur 
filter under pressure, so that a clear filtrate could be readily 
obtained. This filtrate, when tested with ferric chloride, gave no 
trace of reaction: When I took some of the slip and added 
ferric chloride to it the reaction was very strong. This would 
indicate that the clay had the power of abstracting the tannin 
from the water and retaining it in its pores. There does. not 
seem to me to be any objection to this, as the material burns off. 


I think that this covers all the points, and it is a matter 
of great satisfaction to me that I have been able to corroborate 
the preliminary experiments that were made by you. 

Respectfully submitted, 
Heinrich Ries. 

The experiments herein outlined by Dr. Ries, and the con- 
clusions he arrived at, were confirmatory of my work. I had 
found that 2 per cent. of gallo-tannic acid or catechu produced 
the maximum effect in about ten days. Dr. Ries suggests the 
working or pugging of the clay and water as a means of short- 
ening the time, and I doubt not he is right on this point. 


I had found in my experiments that the value of the treat- 
ment gradually grows smaller as the article in burning is carried 
towards a higher temperature. In fact, the maximum effect 
probably exists up to 100 deg. C., but it is still quite noticeable 
up to and beyond the temperature sufficiently high to burn off 
the tannin. 


Dr. Ries’s comment on the defloceulated state of the treated 
clay is interesting, in view of the fact I discovered that. clay 
slip, when treated with gallo-tannic acid, would pass through 
a filter paper even after thorough digesting, whereas the clay 
in the untreated condition was entirely retained in the filter. 

Under date of June 12, 1903, Dr. Ries made a report of tests’ 
on a mixture used by a well-known pottery, in which he says: 
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‘I made the material up into a slip sufficiently thin to go 
through an eighty mesh sieve. With water alone it required 
1750 cc. for four pounds of the material. With 2 per cent. 
eatechu it took only 1250 ce. to mix the same amount up thin 
enough. 

“Tests of these same mixtures for tensile strength showed 
for the air-dried briquettes 38 pounds per square inch in the 
natural condition, and 210 pounds per square inch for that 
treated with 2 per cent. of catechu.’’ 


To determine the effect of leaving out the ball clay and 
adding tannin to mixtures used in white ware, Dr. Ries made a 
set of experiments, and under date of October 28th, 1903, re- 
ported as follows: : 


‘The mixtures experimented on were of iwo kinds. 1, white 
earthenware body and 2 a sanitary ware body. The former does 
not vitrify at cone 9 and the latter does. 

“White Harthenware Body.—A mixture was made up con- 
sisting of flint, spar, North Carolina kaolin, and English ball 
clay. These ingredients were carefully mixed, and molded into 
discs for burning, and also into briquettes for having their tensile 
strength tested. The average tensile strength of such a mixture 
was 50 lbs. per square inch, A disc of the mixture three-eighths 
ineh thick and three and one quarter inches diameter burned at 
cone nine to a dense but not vitrified body without warping. 

‘“A second mixture was then made up in which the ball clay 
was left out and kaolin alone used in conjunction with the flint 
and spar. This felt somewhat less plastic, and had an average 
tensile strength of only 39 lbs. per square inch. Its shrinkage 
was also somewhat less. 

‘“Following this a mixture was made the same as the pre- 
ceeding but with 2 per cent. of catechu added to it. Without al- 
lowing it to stand the material was molded and its tensile 
strength tested. The latter was 125 Ibs. per square inch. The 
mixture with tannin was more plastic to the feel than the ball 
clay mixture, and also showed an elasticity which the former did 
not possess. The tannin, of course, produced a strong coloration 
of the green material, but burned off entirely at a low tempera- 
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ture, so that the burned tannized clay was just as white as that 
which had not been tannized. 

‘“Samtary ware nmixture.—A set of three different mixtures 
was made up similar to the preceding three, except that the 
proportions of flint and spar were changed so as to produce a 
body that would vitrify at cone 9. The mixture containing kao- 
lin, ball clay, flint and spar worked up to a plastic mass with 
27.5 per cent. of water, and had an average tensile strength of 
72 lbs. per square inch. The same mixture but with kaolin 
substituted in place of the ball clay had a lower air shrinkage, 
but its tensile strength was only 30 Ibs. per square inch. If, 
now, 2 per cent. of catechu was added to this mixture containing 
kaolin alone, its tensile strength went up to 140 lbs. per square 
inch, but its air shrinkage was no greater, although it took 29.7 
per cent. water to mix it up. It felt more plastic than the ball 
clay mixture. The dises that were molded from it burned just 
as white as those free from tannin, and showed no cracking or 
warping.”’ 


Summing up the effects obtainable by the method of treat- 
ment here disclosed, we find as follows: 

Decreased amount of water necessary for tempering. 
Increased plasticity. 

Decreased shrinkage. 

Decreased. cracking. 

Increased density and decreased porosity. 

Increased tensile strength. 

Increased hardness. 

Elimination of ball clay from mixtures. 

9. Decrease in time necessary for tempering. 

I trust that these nine points will be considered of sufficient 
importance to the clay-working industries, to have furnished 
just grounds for my having ventured to bring this matter to 
public notice. | 

I early realized the necessity of a name or term to define 
this new treatment, and the clay or article treated thereby. Be- 
lieving the Egyptians were familiar with and practiced this art, 
I thought it appropriate to recognize that fact by calling the 
treatment Hgyptianizing, and the treated clay Hgyptiamzed 
Clay. 


Se Se 
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DISCUSSION. 


During the reading of Mr. Acheson’s paper, he performed the fol- 
lowing experiment, at that part of his paper bearing on Dr. Ries theory 
of “deflocculation:”’ 


Mr. Acheson: I will illustrate this. I have here some 
Harris kaolin, and here a crucible holding about 26 cubic centi- 
meters. I will put into each of these two evaporating dishes one 
crucible full of the kaolin. I will put into this dish to my right 
a little gallo-tannic acid. The amount is not important in this 
case, as it is not economic results but the effect we are after. 
Here (indicating) I have a bottle of distilled water and will add 
13 c.c., one half the bulk of the clay, to each dish. (Mixes with 
glass rod the contents in each dish.) The rapidity with which 
this effect is developed to a large extent eliminates the question 
of its being due to bacteria. (Laughter.) 

Now, tannin is somewhat of a gummy character, and when 
added to material of this kind you would naturally suppose, 
under equal conditions of volume of clay and water, it ought to 
render the mass into which it was introduced more viscous and 
not so thin as the other mass. Possibly, if we had done as some 
of our friends over in Germany did, in the ceramic laboratory 
in Berlin, when attempting to repeat these experiments, use in 
one case starch, and dextrine in another, we might have different 
results. This effect is increased with time up to ten days, unless 
subjected to the pugging process, but you will see it is quite de- 
cided here in a few moments. 

(After having thoroughly mixed the materials in each dish.) 

Now, we have here in this dish the natural material, which 
you see is quite stiff and could not be poured. In this dish 
(exhibiting the other one) we have an equal amount of clay and 
water as in the other one, with the addition of the small amount 
of gallo-tannie acid, which might be expected to thicken the 
mixture; but you see it pours. (Demonstrating.) It is quite 
evident that in order to produce a degree of wetness equal to that 
of the natural mixture, considerably less water is required. Dr. 
Ries says it needs forty percent. less water when the tannin is 
used. 
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Now, I will thin both mixtures with water, and pour into 
these two filters which I have prepared, using the imported 
French filter paper. (Stirring each mixture and pouring into 
separate filters.) We will now leave them to run through. 


Last fall I received from London clippings from English pa- 
pers with great scare headings, the articles going on to state that. 
England wasgoingto lose its great potteries to America, because a 
syndicate had been formed to purchase the great ball-clay mines 
of England, giving figures offered by the American syndicate 
which seemed almost fabulous to me. In the light of my experi- 
ments, I do not consider that they have so much value. 

(Turning to filters:) You will notice that this (referring 
to filter into which had been poured the solution of natural clay) 
is perfectly clear, or nearly so. It would have been entirely so 
had I not overflowed the filter when pouring in the mixture. This 
(referring to other filter) you see is milky, showing decrease in 
size of grain of the clay; that is, deflocculation. | 

Regarding the remarkable increase in hardness in dried 
samples of clay which have been treated with tannin, I would 
like to show you these: 

Here are two pieces (exhibiting same) made from clay from 
the Harris mines. They are the same in every respect except that 
one has an addition of two percent. of tannin. The material 
treated with tannin remains somewhat dark colored at low tem- 
peratures, but as the temperature is increased the liberated carbon 
is removed, and it finally becomes perfectly white. (Takes a 
small stiff brush and brushes the surface of each piece in turn.) 
You will notice that the material of this piece (indicating one 
without tannin) brushes away rapidly, making a cloud of dust, 
while in the other case there is no impression made. 

Mr. W. D. Gates: I received an advance copy of Mr. Ache- 
son’s paper, and was greatly interested. It struck me at first 
as being most novel. 

Coneerning the ‘‘ Egyptian’’ part of it, I recalled, as possi- 
bly some of you do, that twenty years ago a man obtained a 
patent for mixing sawdust with clay. I had an interview with 
him while he was pursuing his experimental work. He told me 
that being at one time unable to procure sawdust, he mixed some 
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chopped straw with his clay. It was found that when the clay 
had been through the auger machine it was necessary to cut it 
with a saw, as the action of the augers had been such as to range 
the straws all horizontal. He had not hesitated to get a patent 
on the sawdust process, and Pharaoh not objecting, he got one on 
the straw also. I do not believe that he realized that he obtained 
a chemical action by mixing the straw with the clay. I think we 
all get results we do not understand. While there may be chem- 
ical action from soaking straw and using the solution in clay, it 
is another question whether the Egyptians knew it. 

When I received the paper, I immediately began to do some 
experimenting. We obtained catechu in a large, square package, 
two or three feet square and some six or eight inches thick. It 
was done up in a sort of a woven blanket and covered with bag- 
ging. It does not look like that (indicating sample which Mr. 
Acheson had placed on table.) That which I have cost me seven 
cents a pound in the original package. It is a resinous-looking 
substance with a glassy fracture. Here is what we obtained 
(exhibiting sample of clay product). It is a dry clay body, made 
of grog and raw clay. We started with two per cent. of the 
eatechu, but did not get it all dissolved, because we were in a 
hurry. Our hasty experiment corroborates what has been said, 
as to reducing quantity of water required. It feels in the hand 
very hard, almost like iron. I do not know what the change is, 
whether chemical action or not. 

As I said before, this question of handling clays is vital to 
all of us, and the possibility of decreasing the amount of water 
necessary in mixing is most important, for it costs money to ex- 
tract that water and is a hazardous operation besides. The 
same results as those produced here, may, however, be produced 
by the addition of three-eighths of one per cent. of silicate of soda. 
I have never experimented with this as thoroughly as I intend to. 


In speaking of the rapidity of the effects of the tannin treat- 
ment, Mr. Acheson stated that it could not be due to bacteria on 
account of the quickness of the result. In a hasty examination 
of this piece in which catechu was used, I found a great quantity 
of bacteria, and also in that simply mixed with water. I confess 
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I thought at first that it might be that the bacteria might be the 
cause rather than the catechu, and I am not yet satisfied that 
such is not the ease. 


Note submitted subsequently by Mr. Gates for printing; not a part 
of the discussion on the floor of the meeting. 


Upon returning to my experiments I find, First: We took a 
clay body which had been working excellently, and mixed a little 
more than a ton with 2 per cent. of catechu, and with it pressed 
a large bath tub which required about that amount of clay. 
This same body, without the catechu, had been used very success- 
fully in making bath tubs, handling well and drying without 
cracking. Instead of the walls and partitions standing up better, 
as I expected, they did not act nearly as well. The tub sunk down 
badly when finished, dried very slowly indeed, and finally when 
dry was seamed and torn with great cracks, and had to be broken 
up and thrown away. 


The whole body was a brown color, the surface a chocolate 
brown, and it seemed to me as though it had a wax coating which 
shut the water in and prevented drying. 


Second. I also had a number of tiles 8 x 8 x1 inches thick, 
which were slipped with different slips and some enameled. 
These warped considerably in drying, the brown color extended 
through the slip, and also through the enamel. The enamel was 
harder and much less liable to brush off from the green ware. 
When these came from the kiln, however, all the hight colored 
slips were discolored, and the surface was not so good as in those 
without the catechu, being in most cases cracked. In the enam- 
eled samples, the enamel had crawled very badly, leaving about 
half the surface of the tile bare and of a dirty disagreeable 
color, whereas the enamel worked perfectly on the tiles without 
the eatechu. 


This was a great disappointment to me. On first reading 
the paper, I had great hopes of the process, but I am done with 
it. My ‘‘bale’’ is for sale. It may do for adobe, but we burn 
our wares. 


Mr. Acheson: That the result is not due to bacterial action 
is probably more conclusively proved by the fact that I have 
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produced it, as well as I have ever done it, with a boiling infus- 
jon of straw. I do not believe that bacteria will stand such 
treatment. The clays, however, were not sterilized. 


Dr. A. S. Cushman: When Mr. Acheson published his 
specifications for a patent, I did considerable experimenting with 
tannic acid, and I found that it increases the binding power, but 
I did not find that it produces the same effect on all clays. I 
think we should guard against drawing too broad conclusions 
all at once concerning a new proposition. It may increase the 
binding power two or three hundred per cent. on one clay and 
have a disappointing effect on another. 


Speaking of the question of bacteria, and its supposed bear- 
ing on the plasticity of clays, I suggested in a paper published 
last year that you may be putting the cart before the horse. A 
eertain condition in the clay may make bacterial growth possible, 
instead of bacteria causing that condition. 


I have been as much interested as any one in the discovery 
of the effect obtained by the treatment of clay with tannic acid. 
But in these experiments tannic acid might be replaced by many 
other inorganic substances and the same results secured. With 
sodium silicate we get the same effect, and I have gotten the 
same effect with numerous colloids. Tannic acid is a typical 
colloid. The experiments made by Dr. Ries confirm those made 
in my laboratory, showing the actual disappearance of tannic 
acid. Does it disappear by adherence to the granular particles 
present in the clay? No. It disappears inside of them. Into 
what? Into the micellian structure. It ‘‘stuffs’’ the clay and 
increases its density. What is the result? After you treat the 
elay with tannic acid it will not take up so much water. 

I am not trying to deery the importance of Mr. Acheson’s 
discovery. If it is useful to clay workers it is a very important 
discovery, and I congratulate Mr. Acheson on having made it. 
But I do think we will find a great many other things which will 
work in the same way. 

Mr. J. H. Hasburg: When I heard of this invention last 
April I was very much interested to know exactly what action 
‘Tannic acid had on the different materials composing clay. 

I prepared chemically pure and fresh precipitates of alu- 
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minum hydroxide, silicic acid, ferric hydroxide, and carbonates of 
lime and iron. 

One portion of each precipitate was dried at 100° Fahr., an- 
other at 350° Fahr. and a third at 700° Fahr. This gave three 
samples of each precipitate, each in a different state of hydration. 
Each was to be treated with a specific amount of Tannic acid and 
the results carefully noted. 

I selected the iron content to begin with as chemical changes 
could be readily noted by changes of color which might not be 
the case with the others. I found that Gallic acid did not act ow 
ferrous salts except in the presence of lime. Gallo-Tannic acid 
acted on both ferrous and ferric salts. By treating freshly pre- 
cipitated carbonate of iron with Tannic acid, I found it absorbed. 
or took up about one-fifth its weight of the acid. Here I was com- 
pelled to abandon further research and have not had time since 
to finish the work. 

It was my idea in drying the precipitates at the different 
temperatures especially the ones at 100° F. to keep them in ag 
near a jelly like (colloid?) condition as posible and carefully note 
the difference in absorption of acid between the 100° and 700° pre- 
cipitates. 

Mr. A. S. Watts: A few years ago I had occasion to take up: 
the subject of strengthening a white ware body, a body which had 
been giving a great deal of trouble from cracking, and I naturally 
turned to available data on the subject. In previous meetings 
there had been discussion in regard to using vinegar and beer and 
such things, added to the body to produce fermentation. I tried 
a few experiments on this line but did not get much satisfaction 
and soon gave it up. 


Later, I had occasion to repair the wood lining of our clay 
cellar which had given out. It was impossible at that time to get 
any thoroughly dried timber to line it with. So we used some 
newly sawed, two-inch, red-oak plank. I always insisted on having 
the clay cellar kept quite warm, maintaining as even temperature 
as possible. Within a week’s time after these new boards were 
put in, I noticed that the clay we had in there was becoming ex- 
ceedingly blue where it came in contact with the boards, while 
back further into the clay, it remained white. 
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I found that a matter of three or four days in the clay cellar 
would start that blue coloration, and if the clay was allowed to 
remain two weeks in contact with the boards, the color would 
penetrate a foot into it. This set me to thinking along that line, 
and I got a barrel of tan-bark. I took about a bushel of it, and 
put it into a tub of water, and put a small steam-coil into it, and 
kept the water warm for some time. I then drew the water off 
with a siphon, and added it to quite a large quantity of clay. In 
fact, at the time I thought I was diluting it too much and would 
probably get no result. To my surprise, it gave me a very blue 
clay. In the course of about seventy-two hours, the action became 
so strong that tiny bubbles appeared in the clay, as if violent 
fermenting action were going on. Whether or not such was the 
case, I have never investigated. | 


I have found that the clay thus treated became very strong, 
and after that I began the regular use of a very dilute solution 
of tan-bark. I never took the pains to determine just what the 
strength of my solution was; but I have found that a dilute solu- 
tion of water from tan bark gives a strengthening action and I 
used that from two years ago last March, until the early part of 
last September, when I left the factory to take charge of the 
erection of a new pottery elsewhere. After I left, matters went 
into the control of other hands and I have had no opportunity 
of knowing whether my practice was kept up or not, but I do not 
think it was. After I had installed the plant which I am now 
operating in New Lexington, I determined to try it again, and 
did, with the same results. I did not claim any originality for 
the use of this tan-bark infusion, supposing that others wera 
aware of it, but I did find it useful in toughening clay. I men- 
tioned in a paper read before this Society last year, on the design 
of a white ware plant” I should use a lining of plank in the clay 
cellar, but did not give my reason, viz., that the clay would develop 
greater strength. 

It might further interest you to know that in the first plant 
we were using English China clay and kaolin; but in the New 
Lexington plant we are not using any of these clays, but are using 
clays from entirely different localities. 


Professor Binns: Mr. Acheson’s claims are of such weight, 
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and if substantiated are of such importance to the working potter, 
that they ought to be examined thoroughly. Of course Mr. Ache- 
son will understand that we are searching for the truth, and not 
criticising him. If his claim can be substantiated, it means that 
the potter can dispense with ball clay, with all its waste of rough 
material and bad color. It will also enable the potter to produce 
a porcelain body which at present is beyond reach under ordinary 
conditions of manufacture, because the koalin will not carry suffi- 
cient content of ground material, flint and spar, to get the proper 
composition. This process would enable us to carry a higher con- 
tent of flint and spar than at present. Every practical potter 
knows that it is desirable to get as much ground material in as 
can be got with due consideration for plasticity. We get better 
color, lower shrinkage in drying and burning. 

If this be practicable, the potter can plunge his mixture with 
straw tea instead of water, and if the action is immediate, he can 
press that tea out and use the clay in the Egyptianized form at 
once. I judge that probably this is the point aimed at in the 
process. 

I want to ask concerning statements on page eight of the 
paper, reading: “Harris kaolin treated with 2 per cent. catechu 
for three months; Harris kaolin treated with 2 per cent. catechu 
for ten days; Haste kaolin wetted and molded immediately.” 
Does that mean wetted with the catechu solution? 

Mr. Acheson: No, sir; plain water. 

Professor Binn: I would like further to ask what, in Mr. 
Acheson’s opinion is the difference between catechu and gallo- 
tannic acid? 

Mr. Acheson: I could not give exact information on that 
point. This effect is produced by tannin but it does not necessarily 
follow that we must use tannin. The extract of straw gives an 
effect fully equal to catechu and we know the tannin content is a 
small item in the extract of straw. 

Professor Binns: Then I conclude the effect is not due to 
tannin? 

Mr. Acheson: Not to tannin only. The tannin family, so 
far as tested, all produce it; but it is broader than the tannin 
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family. In the case of straw, the tannin content is entirely too 
small to account for the effect. 

Professor Binns: Thank you. In illustration of that fact, 
we have on page 13 of this paper, “New Jersey retort clay, 1 per 
cent. gallo-tannic acid, 10 days, 80 lbs.; same, 1 per cent. catechu, 
8 days, 111.5.” This would show that the catechu is much more 
powerful than the gallo-tannic acid in increasing tensile strength, 
and I suggest that it is not due to the tannic acid, but to mucil- 
aginous action. It seems to me that catechu is a form of mucilage 
and the increased tensile strength is due to that characteristic. 


I once made an experiment with a straw infusion. Two 
porcelain mixtures were made up, one with straw liquor and one 
with water and allowed to stand for two months. There was no 
change apparent except that the mixture made with straw was very 
offensive and there was no advantage as to plasticity. But if this 
straw infusion does produce an effect, what is there to deny that 
even there we have a weak mucilaginous action ? 


The suggestion of bacterial growth has been laughed at a 
great deal. It has been brought up as a hobby several times, and 
discussed with freedom. Any clay when mixed with water and 
left by itself for ten days or a month will develop a blue color. 
We prepare clay as long as possible before using, and this effect is 
apparently spontaneous. 

It has also been shown that the decrease in the amount of 
necessary water can be brought about by alkaline action. I admit 
that this is contradictory, because the gallo-tannic acid is acid, 
and it is shown that the action of an acid is contrary to that of 
alkali; but it has been said that it can be produced by sodium 
silicate and other alkaline solutions. 


Referring to the claims made by Mr. Acheson, numbers one and 
three fall under the same head. “1. Decreased amount of water 
necessary for tempering. 3. Decreased shrinkage.” Numbers 2, 
4 and 6 range themselves together for the same reason. They be- 
long apparently to one and the same cause and can be produced 
either by mucilaginous action of by bacterial groth. In the one 
case, the action might be produced instantaneously, and in the 
other case after a considerable period. Numbers 5 and 7. “5. In- 
creased density annd decreased porosity,” and, “7. Increased hard- 
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ness,” do not state whether in the clay or burned form. I would 
like to know whether they refer to the clay or the ware? 
Mr. Acheson: The ware, in both instances. 


Professor Binns: These fall under one head. I venture to 
suggest here that vegetable solutions contain alkali and that the 
salt which may cause the effects claimed under Numbers 1 and 3 
may also, by its fluxing action, account for the effects claimed 
under 5 and 7. 

As to the elimination of ball clay, that depends on other 
things being substantiated. As to the decreasing time of temper- 
ing, that does not seem to be borne out. I do not understand Dr. 
Reis’ statement that he believes thorough kneading as effective as 
ten days’ standing. Does he mean the solution used in both 
cases ? 

Mr. Acheson: Yes, sir. 

Professor Binns: We know perfectly well that thorough 
kneading is effective. That is why we pug our clays, to produce 
this result. It does not seem that any extraneous matter needs 
to be introduced, as it can be done by simply using water. 

Having made these criticisms I want to say to the members 
and to Mr. Acheson that I most cordially hope that he can sub- 
statiate his claims. I would like quite well to see the potter put 
in a position to carry out these results. 

One further point I want to make. Mr. Acheson said that 
the presence of bacteria became disapproved by the fact that the 
straw was boiled and used hot. I am not a bacteriologist but I 
rather venture to question the allegation. We hear that a great 
many of these creatures are almost fire-proof. Dr. Dallinger 
proved that he could carry them up to the temperature of boiling, 
and beyond without destroying life. Also, the clay itself probably 
contains germs and the water even if added hot would not have the 
effect of destroying them. There is another point which Pro- 
fessor Orton has pointed out: If bacterial life is present, its 
activity is increased by some kind of starchy food, in which it 
grows. It is perfectly reasonable that life should be stimulated 
by the presence of organic matter such as vegetable infusions. It 
is believed that the effect of bacterial growth is to increase plas- 
ticity. Dr. Seger claimed that acid action was generated. Mr. 
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Stover showed that he could not produce this effect by acid action, 
and Mr. Gates claimed bacteria generated a gelatinous mass which 
produced this plasticity in clay. We want light on these points, 
but Mr. Acheson’s claim may possibly be referred to -this cause. 

Mr. Acheson: There is one point that I want to refer to. 
Possibly in reading my paper, knowing copies were in possession 
of the members, I may have omitted some portions and may not 
have read the portion touching upon the question as to whether 
this effect might be due to the mucilaginous or gummy nature of 
tannin. To eliminate that question and to be sure that this was 
not to be referred to as the cause, early experiments were made in 
burning of goods. It is not to be conceived that tannin ex- 
ists at 800°C., nevertheless we burned goods to 1200°C, and they 
‘still showed an increased tensile strength of fifty per cent., which 
could not be considered as due to the existence of any organic 
matter. As to the possibility of tannin increasing the tensile 
‘strength 300 per cent., acting as a mucilaginous agent, that would 
be a pretty strong result. We must take into consideration the 
actual disappearance of the tannin and the probability that it was 
taken up by the clay particles. 

Professor Binns: Mr. Acheson has shown the tannin was 
withdrawn. I admit that. But it appears to me that what Mr. 
Acheson attributes to one cause may be attributed to a variety of 
causes which operate in several directions. Mucilage could not 
exist at that heat, but there is also the presence of akaline salts, 
which under fire become operative. I believe many causes are 
at work here, and while I do not question Mr. Acheson’s results, 
I am disposed to question whether he attributes them to the right 
‘CAUSES. 

Professor Edward Orton, Jr.: I find myself very greatly 
interested in the colloid theory presented so ably by Dr. Cushman. 
I cannot add anything to the discussion in that direction, except 
that the theory seems plausible to me, and I hope that work will 
be continued by Dr. Cushman and others. 

As I understand it, Dr. Cushman cites Mr. Acheson’s process 
‘as typifying the working of his theory. However this may be, and 
‘without discounting the obviously strange phenomena which both 
Mr. Acheson and Dr. Reis have brought out, I cannot see quite so 
‘wide a future application of it to the clay working industry as 
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Mr. Acheson anticipates. The matter of expense is an important 
consideration in the clay industry. The great mass of clay wares 
manufactured in the world are of the cruder varieties. If we 
treat these crude clays with an infusion of any vegetable matter, 
or purchase materials like tannic acid, or catechu or similar nature 
to be used in quantities of one per cent., or even a half of one pey 
cent, it will add a considerable item to the cost of preparation of 
clay body. 

I submit that it is not feasible for the vast bulk of clay- 
workers to consider the use of an agent which adds appreciably 
to the cost of the preparation of the clay. For a plant using a 
hundred tons of body per day, the preparation of even a straw 
infusion would be in itself quite a problem. ‘Then, further, if 
there is any sensible quantity of organic substance added to a 
clay containing much oxide of iron, you are adding another ele- 
ment which is of no importance at all in a small laboratory test, 
but becomes a matter of great importance when done on a large 
scale. Two per cent. of carbonaceous matter introduced into a 
fine grained, close-bodied, red-burning clay would constitute a 
very formidable obstacle to its successful burning. It could be 
done, but I hope.to show you later in the meeting that the relation 
is very vital between carbon and the general behavior of clay in 
burning. Its introduction on a large scale, it seems to me, would 
be practically confined to the manufacture of white burning bodies, 
in which iron is so low that it would burn out without subsequent 
reaction or detriment. | 

These suggestions do not preclude the possible application of 
Mr. Acheson’s idea to the clay industries in which white clay 
bodies, either natural or prepared, are used. But it would seem to 
me that this reducing influence in burning would practically rele- 
gate any usefulness which the discovery may have almost entirely 
to the white ware field. 

Mr. Acheson: The matter of expense is a serious one and 
must be taken carefully into consideration. In my paper, I had 
originally a tenth claim, but I cut it out because it was a deduc- 
tion, whereas I desired to confine my claims to proven facts. The 
tenth claim was “economy of fuel,” but it remained to be proven 
on a large scale. But when you take into consideration the other 
points which have been proven, viz., increased tensile strength, de- 
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creased porosity, increased hardness, etc., it is shown that to ob- 
tain goods from Egyptianized clay equal to those made from that 
which has not been so treated, does not require the same high 
temperatures. It shortens the time of burning and reduces the 
coal bill. Taking the market price of catechu, the cost per tom 
of clay would probably be about a dollar and a half. One large 
concern has had a series of experiments made by Dr. Reis, and 
tho I have not seen the report, I know it was successful. They 
expect to eliminate their trouble with the clay cracking and get 
into the face brick trade by this process. 

Mr. 8. G. Burt: Mr. Gates says he arrived at much the same 
results with the use of sodium silicate that Mr. Acheson gets in 
using catechu. This point seems to me quite important. J have 
merely heard Mr. Acheson’s paper read and have had no opportun- 
ity to study it but I think I am right in saying that one of his 
main claims is that by using catechu we are able to make a worka- 
ble clay body with a much lower per cent. of water than ordinarily 
used and thereby decrease greatly our initial clay shrinkage and, 
furthermore, the clay so treated when dry is very much harder and 
stronger. 

For a good many years potters have known that by adding 
sodium salts to a clay mix the same could be made liquid enough 
to cast, with an astonishingly low per cent. of water. The result 
is the same that Mr. Acheson claims for his process, that is, a 
shrinkage so greatly reduced that many pieces could be cast that 
would have been impossible without this addition of sodium salts, 
I have never used this process, so cannot speak from experience, 
but it seems quite possible that if sodium carbonate or bi-car- 
bonate, which are ordinarily used, have this action on the clay 
that sodium silicate may very possibly have the same action. 
Now as for the clay having gained greatly in strength when dry, 
this the sodium silicate is peculiarly fitted to accomplish. I was 
appealed to by a friend some time ago to insulate for him by 
enameling some thin sheets of iron. I explained the difficulties 
thus involved and suggested a mix of clay, flint and whiting 
worked up with sodium silicate. This he tried and found he had 
a perfect insulation, so hard it could hardly be scratched with 
steel and one by the way which would stand red heat as well as an 
enamel. Now while clay alone mixed with the sodium silicate 
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would not give a mix as hard as this it wil give one fully as hard 
as the sample that Mr. Acheson has just passed around, in which 
he mixed catechu. Besides the result is just the same in another 
respect, that is, it was a thin surface film, hard as stone, while Just 
under this the clay is just as it would be without any admixture. 

This is due in both cases to the fact that the salts acting here 
are soluble and as the clay dries evaporation can only take place on 
the surface, so all the soluble salts tend to be drawn to the surface 
and it is only this surface that is hardened. As for the reduced 
cost in burning which Mr. Acheson also mentions, it hardly seems 
possible that this can in any way be due to the organic tannic acid 
which would all burn out at a low red heat. In using sodium 
silicate or any sodium salt, we could undoubtedly burn at a lower 
heat because we have in the alkaline salts a very strong flux. It 
is questionable whether this would be desirable in all cases, be- 
cause as explained the soluble alkaline salts all having been drawn 
to the surface, it’s there that their strong fluxing action would 
take place, giving us a hard and even vitrified face, while the 
body of the clay remained very porous. Is it possible that in add- 
ing the catechu the really active factor is some soluble alkaline 
salt? I would like to ask Mr. Acheson whether he has ever car- 
ried out comparative tests between catechu and alkaline solutions? 

Mr. Acheson: No, but I have had considerable experience 
with sodium silicate in other lines, and first, of course, you must 
carry your product to the point of vitrification to get the benefit 
of the sodium silicate, which is otherwise soluble. You can make 
a strong article, but you must keep it dry. 

Mr. Burt: It can be made perfectly insoluble. 

Professor Binns: In connection with Mr. Acheson’s title, I 
think a reference to the Book of Exodus will show that the stubble 
was considered inferior to the straw. But I know it was affirmed 
some years ago that an Egyptian explorer believed he had secured 
a sample brick made with straw and one made with stubble, which 
the packed and shipped home. When unpacked, it was found that 
the one made from straw was perfectly sound, while the one made 
‘from stubble was broken into pieces. If that is so, it rather dis- 
‘poses of the theory that the Egyptians used an infusion of straw, 
‘but goes to prove that they used straw because of its long fibre, 
and when forced to use stubble they found it not so good. 


EGYPTIANIZED CLAY. 61 


Mr. Stull: In an experiment I made in the laboratory of the 
American Terra Cotta Company, I found it took a little over one 
hundred pounds of water to mix a hundred pound batch of a certain 
body I was making. By using silicate of soda, I cut the water to 
eighty-three pounds, using three-eighths of one per cent. of the 
silicate. ; 

Mr. Hasburg: If it is a fact, as shown by Mr. Acheson, that 
this tannin treatment results as claimed in his summary,the in- 
creased density of the clay means increased conductivity of heat. 
The solution of the smaller amount of fuel required may le in 
that fact. 


Note submitted subsequently in writing. Not a part of the discus- 
sion on the floor of the meeting. 


Mr. Charles Weelans: What I have to say is founded upon 
personal experience and practical knowledge and not upon theo- 
retical considerations. This will justify me, perhaps, in offering 
rt in this convention. 

Mr. Acheson, I understand, by the use of catechu or tannic 
acid in connection with clay bodies lays claim, among others, to 
the three following beneficial effects: 

First. That it toughens the clay body, thereby increasing its 
plasticity. 

Second. That is hardens and thereby increases the tensile 
strength of the clay. 

‘Third. 'Fhat when a small per cent. is used much less water 
is required to temper the clay for us. 

With reference to the first point I would lke to say, that 
many vegetable mixtures have long been known and used by the 
potter, which accomplish this identical result. Gums, glues, and 
gelatine, if used properly, will bring about these results to a re- 
markable degree, but however simple and practical their use, the 
average potter resorts to them only for special bodies made up for 
especial uses. 

Years ago in making up a batch of clay for casting purposes 
in which we always incorporate a gum mixture, a mistake was 
made in that we used a material which we took to be the usual 
gum mixture, but which turned out to be, while in appearance the 
same, entirely different. Without explaining how this mistake was 
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made, suffice it to say much trouble was occasioned thereby, as we 
could not proceed with our work. Our body being a porcelain 
body, short in nature, as the potter calls it, would not, despite fine 
and long grinding, hold together even to allow the casting of a 
small cream pitcher. The mistake was discovered later and recti- 
fied, and our trouble was overcome, for we then did with ease what 
was utterly impossible before, without this gum preparation. 
With reference to the second point, I may say that this gum 
or glue mixture, also hardens the clay, increasing its strength ma- 
terially. It is common knowledge among potters that ware casted 
from a clay thus prepared, when made in small articles of about 
an eighth of an inch thick, is very hard and strong when thor- 
oughly dry, and there is, therefore, much less loss in the clay state 
in this ware, owing to the fact of adding this mixture. In addi- 
tion, it prevents much cracking and permits the joining of differ- 


' ent parts of ware together—its powers of adhesion being much 


increased thereby. I have known where pieces of ware have heen 
taken from moulds in badly broken condition (due to moulds be- 


ing used too frequently and becoming thoroughly saturated with 


water) and, though they were important pieces, they were patched 
up and finished, passing successfully through the kilns no worse 
for their mishap. This would be practically imposible with ordin- 
ary porcelain ware, made up without this gum mixture. 

With reference to point three, that the use of catechu makes 
less water necessary in mixing of the clay body, it may he said 


that in our methods we have also noticed this result. We have | 


| always attributed it, however, to the fact that gelatinous matter 


used is immediately taken up by the alumina in the body, reducing | 


regard, when the main material used is glue, instead of gelatine, | 
or gum. We had weighed two mixings of equal density, the Eo) 


i weighing 30 or 32 ounces to the pint, and by testing with the 


hydrometer, proved the density to be about the same, but after 
using a glue mix in the one instance, and a gelatine mix in the 
other found after the additions were made that the density of. the 
mixings had become widely different. This we have always at. 


tributed to the differing powers of absorption of the materials 


employ ed. 


{ 
} 


| its power of absorption and, hence, requiring less water for each | 
mixing. In fact, we have noticed a perceptible difference in this | 
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In conclusion it would seem to me had Mr. Acheson put in 
an apprenticeship in the pottery business, this discovery would not 
have seemed to him a discovery at all, in that the many beneficial 
effects which he attributed to the use of tannic acid would have 
been found to be equally well developed by other materials long 
known and used by the potter., 

Notes submitted subsequently in writing and not a part of Pe dis- 
cussion on the floor of the meeting. 

Dr. Heinrich Ries: I have read the remarks made by the 
various members on this paper and since I made a number of ex- 
periments for Mr. Acheson in connection with this work there are 
a few points on which I can, perhaps, offer some explanation. It 
is a well known fact, of course, that bacterial action is supposed to 
influence the plasticity of clay to a marked degree and this idea 
has gotten such a firm hold in the minds of many that whenever 
any artificial method of improving the plasticity of the clay is - 
suggested it is, perhaps, natural that persons should suggest at once 
that it is nothing but bacteria. When Mr. Acheson came to me 
and informed me of the experiments which he had been making, 
he told me that it had been suggested to him by some persons that 
it was not the tannin but bacteria that was causing these effects. 
I, consequently, endeavored in the very beginning to make some 
experiments which would eliminate the bacterial element from the 
work and in several preliminary tests the precaution was taken to 
use distilled water in which the tannin was dissolved at the tem- 
perature of boiling and the clay which was treated with this tan- 
nin was previously heated to 120 degrees for a whole day in a hot 
air bath. From the mixture of these sterilized materials the same 
results were obtained as in the case of unsterilized materials. 

In regard to the method of adding tannin I would say that 
several methods were tried. In one case the powdered tannin was 
mixed with powdered clay and the water then added and the 
whole thoroughly kneaded. In a second case, the tannin was 
first dissolved in boiling water and added to the clay in that man- 
ner. In a third case the dry powdered tannin was mixed with the 
clay, the water added to this and the whole mass mixed up in a 
ball mill. There was very little difference in the results obtained 
by these three methods, although the ball mill mixture gave per- 
haps slightly better results. 
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In regard to Profesor Binn’s question about the decreased 
time required for tempering, I would state that it seemed to me in 
most cases that a thorough kneading of the mixture produced 
nearly as great increase in the tensile strength as was obtained by 
a small amount of kneading and then allowing the mold to stand 
for ten days or two weeks. In cases where the material was allowed 
to stand, the clay had sufficient water added to it to produce a 
rather thin, pasty mass, not as thin as the slip, however. 

It seems to me that Mr. Acheson’s position has been slightly 
misunderstood. As I understand it, he does not claim that tannin 
is the only thing that will produce all of the results mentioned in. 
this paper. As Mr. Burt has stated, it is, of course, well known 
that silicate of soda and carbonate of soda will decrease the amount 
of water required for mixing a clay. Whether or not they will in- 
crease the tensile strength is a point which I believe remains to 
be demonstrated. It is a fact, however, that the addition of a 
small per cent. of tannin did produce the results mentioned in 
Mr. Acheson’s paper. It is not claimed that all clays will be 
equally improved by the use of tannin, in fact they are not all 
equally affected, and the effect of the tannin appears to decrease 
with the increase in the sandiness of the clay. It also seems to 
me that if Mr. Acheson’s results are found to be of commercial 
value, it will be in connection with white ware bodies. 


THE COLLOID THEORY OF PLASTICITY. 


By ALLERTON S. CUSHMAN, A. M., PH. D. 


In a recent article: the writer published the results of an 
investigation which led to the conclusion that the plasticity of 
clay was due to a colloid condition of the fine particles, or of 
some proportion of the particles which go to make up the clay 
mass. These amorphous, inorganic particles possess a submicro- 
scopic porous structure. They absorb water eagerly and gradu- 
ally assume the coherent condition which causes in the wet mass 
the quality we call plasticity, and in the indurated mass, binding 
power. It is perfectly true that a high plasticity does not invar- 
iably accompany a high binding power, and vice-versa, but as 
will be shown later on in this discussion, there are many inor- 
ganic colloid substances and modifications which differ in prop- 
erties, just as do the organic colloids. Gelatine, egg-albumin 
and common glue are all classed as colloids, but the degree of 
binding power which they produce on induration, is of a very 
different order. Moreover, it need hardly be said that we are 
here considering heterogeneous mixtures and not chemical com- 
pounds of constant composition and with definite properties. 
The shape, size, hardness, toughness, chemical composition, phy- 
sical modification and degree of intimate admixture of the con- 
stituent particles are among the important qualities that affect 
the texture and presumably the technical value of clays. 

Before proceeding further with the presentation and discus- 
sion of experimental evidence in favor of the colloid theory of 
plasticity, an effort will be made to show that the trend of mod- 
ern speculative opinion among clay chemists has been in the 
direction of this theory. In a comprehensive article? Zschokke 
has recently reviewed the whole subject and collected the various 
theories that have from time to time been advanced. Most of 
these theories are purely speculative and are not founded on 


1 Jour. Amer. Chem. Soc. XXV 5. 
2 Bau materialien Kunde 24, VII. 
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experimental evidence. Thus one authority,* using an ingenious 
mathematical argument, finds the cause of plasticity in the 
spherical shape of the particles, while another decides in favor 
of plate shaped particles which interlock.? One of the earlier 
speculations, however, that of Olchewsky, was prophetic in its 
accuracy, if the colloid theory is true. Olehewsky surmised that 
plasticity was due to the spongy porous nature of the smallest 
particles, which by reason of pressure arrange themselves into a 
sort of felt. The deformability and shrinkage were accounted 
for by the water which fills the capillary interstices, but also acts 
as a lubricant, wetting the surface of the particles. Daubree 
had previously noted that feldspar ground wet gradually as- 
sumed a plastic condition, whereas dry ground feldspar simply 


wetted was not at all plastic. Olchewsky suggested that the 


same action took place in nature, and that the porosity of the 


particles was the result of the solution and leaching out of the 
alkalies. Ostwald has adopted a similar view and in his Lehr- 


buch der Technische Chemie we read that plasticity depends 


upon a porous sponge-like structure of the fine particles which is 
measured by the facility for taking up water. Arons,® Bischof, 
Seger and others have suggested that plasticity might be due to 
the presence of hydrated aluminum silicate in some especial 
form, and writing in 1877 Seger* adds to this his belief in a 
molecular arrangement of the fine particles and considers the 
possibility of the arrangement having been originally fixed in the 
structure of the parent rock. Zschokke points out that plasticity 
is a quality shared by many diverse substances. Thus many 
metals while cold, almost all metals while hot, glass and even 


ice are more or less plastic. In this connection it is interesting 


to note that Graham in 1862° showed that metals, glass and ice 
were particular examples of substances capable of assuming 
colloid forms. 

In May, 1902, Paul Rohland® published a short note in 
which he suggests that plasticity in clay is a colloid quality. He 


1 Notizblatt des deutschen Vereins fur Fabrikation von Ziegeln Thon- 
waaren Kalk und Cement. Berlin 1873, 4 167. 
2 Cooke, Clays of New gene N. J. Geol. Surv. 1878. 
3 Dammer Chem. Tech. 
4 Thonindustrie Ztg, 1877, 37: 
5 Lieb Ann CI, 1862. 
6 Zeit. repens Chem. XXXT 1. 


THE COLLOID THEORY OF PLASTICITY. 67 


points out that colloid substances in contradistinction to crystal- 
loids are those which possess to a greater or less degree, plastic 
characteristics, especially as to formability and shrinking on 
induration. A year later Van der Bellen,’ in presenting a new 
method for determining the plasticity of clay, accepts the colloid 
theory, and states that as the purest clays and kaolins are un- 
doubtedly aluminum salts of meta-silicie acid, the varying degree 
of plasticity will depend on the presence of a colloid modification 
in the structure of the clay particles. 

In this country Heinrich Ries has hinted at the theory in 
the following words, published in April, 1902:? ‘‘If an exceed- | 
ingly plastic clay is examined under the microscope, it is found 
that in addition to the regular particles of a scaly nature, there 
may be a large number of extremely minute spherical structure- 
less particles which may be in the nature of colloids.’’ 

Having shown by the above citations that many of the 
‘authorities on clays are hospitably inclined toward the colloid 
theory, it is proper to say here, that the writer was led into ad- 
vancing it quite independently, and as the result of prolonged 
‘laboratory investigation. 

One of the important tests which has been developed in the 
‘study of road materials is that of the binding or cementing value. 
In this test? a quantity of rock is ground to powder in a ball 
‘mill, sifted through a hundred mesh sieve, and made into a stiff 
dough with the reyuisite amount of water. From this dough 
‘small cylindrical briquettes are made by means of a specially 
designed hydraulic press. After thorough drying, these bri- 
iquettes are broken by impact in a testing machine, and the 
‘cementing value is indicated by the number of blows of a 1 kilo- 
gram hammer falling one centimeter, which is required to pro- 
‘duce failure in the test piece. 

As records of this test multiplied, it became apparent that 
‘tthe binding power is an exceedingly variable quality even in the 
game variety of rock, and it became a matter of the greatest 
interest and importance to understand the cause of the phenome- 
non. As clays are in the final analysis nothing but rock dusts, 


1 Chem. Zeitung 36, 1903. 
2 Md. Geol. Survey, Report on the Clays of Maryland. 
8 Bull. No. 79, Bureau of Chemistry, U. S. Department of Agriculture. 
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more or less modified by the action of water, and as a rule exhibit 
binding power to a much greater extent than freshly ground 
rock, is seemed reasonable that a clue might be found in this 
direction. The first question which presented itself was, what is: 
- the essential difference between a natural earthy deposit such 
as clay, and a mechanically ground rock powder. Clays to be 
sure are in many cases very old, but they are not as old as the 
erystalline rocks from which they were born. The greatest differ- 
ence seemed to be that the clays have been formed by the disinte-- 
grating power of water and watery solutions, both organie¢ and in- 
organic. Now it has been observed that although most of the true 
igneous and the highly metamorphic rocks do not bind well there 
are frequent exceptions, and no hard and fast rule can be made,, 
such as that sedimentary rocks make better binding material 
than those of crystalline origin. On the contrary, many of the 
traps, diabases, diorites and basalts bind excellently, while the 
sandstones and slates usually do not. Nevertheless, it is found 
that the crystalline reeks which have high cementing values, are 
invariably to a greater or less degree hydrated, and the micro- 
scope shows that the constituent minerals have undergone: 
secondary alteration. If a clay is ignited, its binding power and 
plasticity are destroyed, and the same thing is invariably true of 


all rock powders. In fact, all the evidence pointed in one diree- Jo ™ 


tion, plasticity and binding power are dependent upon some 
peculiar relation which finally divided material bears to water. 


In following up this clue, due consideration was given to the 
fact that the question of the relation of water to different forms: 
of matter, is an exceedingly complex one. Many writers on clays, 
while evidently struck by the fact that all plastic materials are 
more or less hydrated, and that by driving off all water at a high. 
temperature, plasticity is destroyed, have none the less been 
puzzled by the undoubted fact that many non-plastic earthy 
deposits are also hydrated. 


Considering now, for the time being, inorganic materials: 
alone, it occurred to the writer that the explanation must lie in 
the kind of water that was present. In other words, granting’ 
that there are several different ways, mechanical, physical and. 
chemical, that water can be related to the structure of matter, 
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all the facts could be explained on the assumption that only one 
special kind of water of combination is involved in and measures 
plasticity. The question then arose, could this be proved? We 
are accustomed to distinguish between (1) water of erystalliza- 
tion, (2) chemical or hydroxy] water, and (3) water of combina- 
tion. ‘The microscope in the hands of many investigators has 
indicated that the more plastic a clay, the less it shows a erys- 
talline structure in the grains. In fact, all the evidence seemed 
to show that though hydrated crystalline matter might be repre- 
sented in the grains that compose a clay body, crystalline matter 
has no tendency to form plastic powders. If then crystalline 
particles, even when highly hydrated, have nothing to do with 
plasticity, the question forced itself, is there any authority for 
believing that there exists in clays and soils any form of hydrated 
amorphous matter which is at the same time the cause of binding 
power and plasticity? Every investigator who has studied the 
microscopic structure of clays will agree as Dr. Ries' has pointed 
out, that structureless particles are numerous in the texture of 
most clays. 


More than fifty years ago, following the great impulse given 
to agricultural chemical research by the classical labors of Liebig 
and his pupils, an English chemist, T. Way? began a series of 
investigations on the absorbing power of soils, which are preg- 
nant with suggestions. The results showed that though the 
particles in sands and chalks absorbed water, owing to surface 
attraction and ecapillarity, clays and soils with a clay base be- 
haved in a quite extraordinary manner. The more clayey the 
soil the more water it seemed capable of absorbing. But this was 
not all; besides water, this clay substance exhibited a greater 
facility for absorbing the bases contained in certain salts which 
were dissolved in the water. Also this action was shown to be 
selective, certain bases and substances being held so that they 
could not be washed out again. Let us hear what Way himself 
had to say on the subject. ‘‘Coloring matters are actually pre- 
cipitated, unchanged or in the state of insoluble pigments (tech- 
nically known as “‘lakes’’) by mere mixture with white clay. 


1 loc. cit. 
2 Royal Ag. Soc. Jour. XI 1850. 
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Neither to the action of capillarity, or to that of oxidation, are 
we to attribute the porperty of soils to retain the mineral bases: 
and animal and vegetable ingredients of manure. The action is 
one indeed sui-generis, and in an agricultural point of view, of 
much greater importance than either of those mentioned.’’. Way 
found moreover, that exposure to a high heat destroyed this 
peculiar absorptive power of the clay substance. Finally, so con- 
vineed was this chemist that the quality in question was due to 
some peculiar form or modification of the aluminum silicate 
which formed the clayey or impalpable portion of the soil, that 
he prosecuted his inquiries farther with a view to proving this 
point.! Feldspar and various natural silicates were tried, but 
found to be inactive; finally, however, an artificial hydrated 
silicate of aluminum was prepared which proved to possess all 
the absorptive properties to a much higher degree than clay. This 
compound was prepared by dissolving pure alumina in one por- 
tion of a solution of caustic soda and pure silicic acid in another. 
On pouring the two solutions together, there separated gradually 
a white floceulent precipitate, which on washing and drying had 
the following composition : 


SUT CO ike Lub Needs Ste Ran en aoa 46.1 
PNA LT eo ei Man eRe ae 26: id 
Re AYE C: NRL M TURNED RAN AIMCO go NHR HAN BIA 15.8 
WAL OR cen ciao icutehe ehh, Done CA cbalammate £250 

100.00 


Now this compound is analogous to a class of natural hy- 
drated silicates ealled the zeolites, in so far as it is a highly basic 
silicate containing water. In one way, however, it differs from 
the zeolites, for it is most certainly a hydrated amorphous com- 
pound and does not assume or simulate a crystalline form. 
Johnson, in the well known and almost classic little work ‘‘How 
Crops Feed,’’ dedicates a chapter to the question ‘‘Do Zeolitic 
Silicates, hydrated or otherwise, exist in the soil?’’ and finally 
decides that they do, also that they are likely to be numerous and 
are undergoing alteration, as they are subjected to the influence 


1 Comp. Johnson, How Crops Grow, p 343. 
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of one and another of the salts and substances that are brought 
in contact with them. 

At this point the writer returns to his own inquiries. If 
indeed there exists in clays and rock powders a certain propor- 
tion of hydrated particles which are not crystalline in their 
nature, these must be classified as colloids. The question was how 
to prove this, or if absolute proof was impossible, to obtain all 
possible evidence. When silicic acid is prepared by carefully 
neutralizing a soluble alkaline silicate with hydrochloric acid, a 
colloid solution of silica acid is formed, and if the solution is con- 
centrated, the silica separates as a jelly. If this jelly is allowed 
to dry rapidly in the air, it gradually assumes the condition of 
an apparently dry powder. This powder, however, is highly 
hydrated, and loses or gains water with changes in the moisture 
content of the atmosphere in which it stands. Heated gently up 
to a certain temperature it gradually loses water only to reabsorb 
it again on being allowed to cool in moist air. But once let the 
heat arise above a certain critical point, about 1000 C, and this 
absorptive power is gone once and for all. The colloid structure 
is destroyed, and only a dead amorphous powder remains. In 
short; silicic acid is a typical colloid. 

In a former publication? the author has shown that plastic 
clays possess precisely the same power of dehydration and rehy- 
dration that silicic acid does. 

It is interesting now to pursue the inquiry as to what is 
known about the structure of these substances which possess 
these peculiar absorptive properties. It appears from the work 
of Van Bemmelin? and others, that colloids possess a submicro- 
scopic porous structure that enables them to absorb on account of 
eapillarity or some allied force, not only water, but substances in 
solution, furthermore there seems to be evidence to show that this 
absorptive action is more or less selective, absorbing and holding 
certain substances and bases from solution so that they cannot 
thereafter be removed by any amount of washing and leaching. 
On this principle probably depends the entire action of lakes 
and mordants in dyeing, and accounts not only for the use of 
clays as “‘ lakes,’’ but also for their peculiar clarifying power as 


1 loc. cit. 
2 Zeit. Anorg. Chem, 5, 446, 13, 233. 
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in the well known uses of Fullers Earth, ete. It would seem that 
the micellian structure, to use a word of Nageli’s, of these colloid 
_ particles appears to behave as though it were in a state of vacuo 
to water, and to certain substances in solution. Cameron’ has 
observed that when a Morse osmotic pressure cell was buried ‘*in 
a soil short of saturation, but yet in a fair condition for plant 
growth, the soil will draw water from the cell against a calcu- 
lated osmotic pressure in the cell of 36 atmospheres, or about 500 
pounds per sq. in.’’ Such an important statement is worthy of 
an extended investigation. No one would venture to affirm that 
wetted sand or finely divided erystalline matter could exert such 
absorptive forces as these, and there is but one alternative, viz., 
to ascribe the phenomenon to the action of the micellian colloid 
structure. In fact, the evidence from every side is so overwhelm- 
ing, that the wonder is that the problem has not been long ago 
recognized and studied from the standpoint of agricultural 
chemistry. If for instance the inquiry: ‘‘Do Zeolitic silicates, 
hydrated or otherwise, exist in the soil?’’ been extended to: “*Do 
colloid modifications of the natural silicates and other known 
constituents of the soil exist?’’ the hint would have been given , 
several years ago. “A 
It appears then, that clays are to be considered as agerega- 
tions of particles which fall under three heads: (1) Non-plastic 
erystalline. (2) Non-plastic amorphous. (3) Plastic colloid. 
Experiment and observation have shown, however, that both 
plasticity and binding power will vary not only with the relative 
proportions of the three kinds of matter, but also with the parti- 
eular character and activity of the sort of colloid matter that 
happens to be present. Undoubtedly the principal substance of 
which all good clays are composed is the hydrated silicate of 
aluminum or kaolin, and yet the variation in binding power and 
plasticity is very great. How then is this to be accounted for? 
The truth of the matter is. that silica, alumina, the hydrated 
silicates and double silicates of aluminum, and many of the other 
metals are capable of existing in entirely non-plastic modifica- 
tions. Furthermore, it is probable that even when the active 
modification is present, that its physical character will be influ- 
enced by substances that are absorbed in the micellian structure. 


1 U.S. Dept. Agr. Bull. No. 22. Bureau of Soils. 
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With the means at hand of testing the binding power on 
relatively small amounts of material with the impact machine 
designed for testing road materials, it was possible to bring 
experimental evidence to bear on this interesting problem. 
Brucite and Bauxite are respectively the hydrated oxides of 
magnesium and aluminum. Chemically, these two materials are 
very similar, as can be seen by the formulae assigned to them by 
Dana, MgO, H,O with 31% of water, and Al,O,, 2H,O with 
26.1% of water. There is, however, one characteristic difference 
between them. Brucite occurs in nature in a erystalline modifi- 
cation, whereas Bauxite invariably appears in a hydrated amor- 
phous if not to say colloid form. Powdered Brucite proved to be 
without plasticity or binding power, whereas Bauxite was suffi- 
ciently plastic to permit of being moulded into forms, and had a 
fairly high binding power. Purecrystals of the zeolites, Analcite 
and Thomsonite, were obtained, containing respectively 8 and 14 
percents of water. Both of these substances yielded powders 
which possessed low binding powers, and yet it is worthy of note 
that the zeolites have to a greater or less extent the same power 
of absorption that the colloids possess, that is to say, after being 
heated to 300° they very slowly regain the water they have lost 
when allowed to stand in the open air. 

There is unfortunately no better test for plasticity than is 
given by the simple feel of a clay mixture, but a series of experi- 
ments was now planned to see if by mixing certain inorganic col- 
loids with rock powders, clays, etc., the useful properties could 
be increased. A great number of colloid precipitates and sub- 
stances were prepared in the laboratory, and washed as free as 
possible from the soluble products of the reactions by repeated 
decantations. The precipitates were then by means of a filter 
pump sucked as dry as was deemed necessary, and used in this 
condition for working up with the rock powders or clays to be 
tested. The first two substances were thus made and experimented 
with in this hydrated colloid form, were silicic acid and alumina. 
It was found that silicic acid increased the binding power and 
the shrinkage to a very high degree, but did not seem to increase 
the plasticity, while alumina seemed to increase the plasticity 
without giving any high degree of shrinkage or binding power. 
The next obvious step was to try the effect of mixtures of the two. 
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When sodium silicate (water glass) is added to a solution of 
alum or other salt of aluminum, a colloid precipitate is thrown 
down which does not appear to be of definite composition, and 
which we may express by x Al,O, .y Si O, .z H,O. Experiments 
made with this substance showed beyond doubt that both the 
plasticity and binding power could be increased by its use. The 
alumina can be wholly or in part replaced by other bases, such 
as ferrous and ferric iron, calcium, magnesium, chromium, ete. 
and thus the burning quality, as well as the plasticity and bind- 
ing power modified. It is, however, only fair to say that raising 
the binding power by such means as these is a much easier opera- 
tion than increasing the plasticity to the desired point, and in the 
opinion of the writer, the difficulty in the last case is on account 
of lack of density in the colloids. The amount of water they will 
hold even after they have assumed an appearance of being me- 
chanically dry is enormous, sometimes.as high as fifty per cent., 
and when in a pasty condition, they run as high as ninety percent. 
Undoubtedly in nature, clay masses have been subjected to great 
pressure as well as to the action of solutions containing organic 
matter, with which the colloid structure is actually stuffed and 
perhaps at the same time coagulated, thus increasing at the same 
time the density and the plasticity, and decreasing the shrinkage. 
It is assuredly true that this whole subject is worthy of further 
experiment and on a larger scale that has been heretofore 
possible. 

A few words may be permitted here to show the special 
bearing of such problems as these on the study of road materials. 
Many rocks, when first crushed, have little value as binding 
material, and yet on ageing under the combined action of water 
and traffic, they finally consolidate and make excellent road sur- 
faces. The most striking example of this is found in the so- 
ealled cherts of Alabama, which consist mainly of more or less 
decomposed beds of hydrated silica and silicious material. Every 
elay man knows that the useful qualities of clay can be developed 
by working and kneading with water, and it seems quite certain 
that the same thing is true of rock dust as it is gradually worn 
down under traffic. Not only are the colloids already present 
softened and rendered active by the free action of water, but 
undoubtedly new colloids are formed by the ‘‘kaolinization’’ of 
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the double silicates, as the alkaline and soluble constituents are 
leached out. It may indeed at the present time be impossible 
and impracticable to hasten these useful reactions in the open, 
but it is none the less important to understand the mechanism of 
them. Experiments to this end are at present being carried on 
in the laboratory. It is too early perhaps to give out any definite 
results, and yet some of the indications are interesting and may 
be briefly indicated. The ‘‘Kaolinization’’ of finely powdered 
feldspar, though a slow reaction, ean be studied in the labora- 
tory, as not only water but dilute solutions of both organic and 
inorganic substances attack feldspar and other double silicates, 
with removal and substitution of the alkaline bases and the de- 
velopment of new physical characteristics. It has been known 
for some time that in the treatment of alkaline double silicates, 
such as commonly occur in our erystalline rocks, they are more 
rapidly acted on by solutions of inorganic salts, if no common ion 
exists In the system. By this is meant that a potash feldspar 
should be more soluble in a solution of sodium chloride or am- 
monium nitrate than in a solution of potassium nitrate, or than 
in pure water. This is in accord with the modern theories of 
physical chemistry, and experiment proves it to be true, but from 
indications so far obtained, long digestion in ammonium nitrate 
solutions instead of increasing the binding power of rock dusts, 
decreases it, whereas digestion in pure water and in certain or- 
ganic solutions has been found to notably increase it. Is it pos- 
sible that solutions of soluble crystalline substances, 7. e., elec- 
trolytes, gradually attack and destroy the colloid structure? If 
this should prove to be true, it would be an important point of 
wide application. It would explain not only why certain mineral 
salts will clarify and settle turbid waters and solutions which 
carry clay and other sediments in colloid suspension and solution, 
but also in its bearing upon agriculture it would explain why the 
addition of one fertilizer to a soil will unlock other constituents 
not before available. Lastly, we need seek no further for the 
reason why kaolin from one bed has a good binding quality, while 
that from another has not; all will depend upon the past history 
of the deposit. 

All this represents in part and but briefly some of the ques- 
tions that are now under consideration in the Road Material 
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Laboratory of the Bureau of Chemistry, and more particularly 
in their bearings upon the problems that arise in the scientific 
study of road material. It would be presumption on the part of 
the writer to attempt to offer to this body any lengthy discussion 
upon the useful properties of clays, except in as much as the 
evidence so far collected seems to point the way to further 
consideration and experimentation. 

To sum up, the following points have been presented for 
your consideration : 

(1) That both plasticity and binding power are merely 
manifestations of a colloid modification of matter which exists 
in rocks and clays. 

(2) That the activity of these useful qualities depends 
upon the characteristics of the special colloids that may be pres- 
ent as well as upon their past history, and the modifying effect 
upon them of saline and organic solutions. 

(3) That absorptive qualities of clays, such as their ability 
to stick when touched with the tongue, and as exhibited by their 
occasional use as ‘‘lakes,’’ clarifying agents, ete., is to be ascribed 
to the same cause. 

In conclusion, it should be said that in presenting these 
points, the writer does not desire to minimise the importance of 
the effect of the shape and size of the grain on the useful qualities 
of clays. If the theory gains acceptance, which it will do if it 
is borne out by further experiment, although much that has not 
seemed clear hitherto will be explained, nevertheless the scientific 
study of clays will not be easier. The problem will be compli- 
cated by the necessity of considering not only two distinct kinds 
of matter with almost opposite properties, but also the peculiar 
modifying effect which they produce upon each other. 
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DISCUSSION, 


Professor Wheeler: I should like to inform Dr. Cushman that 
in working on the theory that the plasticity of clay is probably due 
to the fine plate structure, I found on taking the mineral brucite, 
the hydrate of magnesia, which has a lamillar or plate structure, I 
could take a crystal of it and by grinding get considerable tensile 
strength. With gypsum, another mineral with a coarsely laminated 
structure, by finely pulverizing it I got a high tensile strength or 
nearly to two hundred pounds to the square inch. I was not able to 
finely grind tale with much success, as tale is about as difficult ta 
grind as mica, but succeeded in making it somewhat plastic, but 
brucite I succeeded in getting nearly as plastic as most clays, and 
gypsum more plastic than most clays, by merely fine grinding: 
(Gypsum is a hydrous sulphate of lime.) 

Dr. Cushman: I tried brucite, too, and I tried many other 
minerals occurring in nature. Professor Wheeler’s substance may 
not have been pure, even tho’ occurring in crystals. Included in 
crystals may be actual clay matter. I was amazed to find how little 
impurity it required to give cementing power to my briquettes. 

I do not think that Professor Wheeler’s experiment by which 
he succeeded in getting this tensile strength out of brucite powder is 
worth as much as mine in failing to get it. His result is open to the 
criticism that he did not have pure brucite. 

Professor Wheeler: Did you try selenite, or crystallized gyp- 
sum ? 

Dr. Cushman: No; but I tried mica, limonite and a fi 
many hydrated silicates. 

Regarding the question of alkalinity or acidity, which was 
brought in discussion of another paper this afternoon, I may say 
that the clays and soils from different parts of the country are 
found sometimes alkaline and sometimes acid, and there does not 
seem to be the slightest relation in this to binding power. 

The bacteria question should be investigated; this problem 
would not be difficult. 

One gentleman spoke of bacteria as “animals.” I thought 
they were vegetable growths. It is known that they carry on re- 
actions. But when it comes to the question of bacteria in a few 
hours producing such extraordinary qualities in clay, I find it dif- 
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ficult to believe. I have seen the binding power of rock dust in- 
creased to a marvelous extent by simple kneading. We take one 
portion, mix with water and make into briquettes at once; to the 
other half is added the same amount water and a boy kneads it on 
a board without stopping for an hour. The briquettes made with- 
out the kneading will break in sixteen blows of the kilogram ham- 
mer, while the portion which was kneaded for an hour will stand 
190 blows of the same hammer. I refuse to believe that bacteria 
were at work there. (Laughter.) 

Mr. Gates: Bacteria do not do it all, but I still believe there 
is something in the theory. The Chinese undoubtedly made use 
of fermentation in the treatment of their clays. We have had 
testimony here showing the benefits to clay from the action of 
bacteria, and I still believe that good things may be accomplished 
by inoculating clay and getting conditions proper for the growth 
of bacteria. 


NOTE ON THE TENSILE STRENGTH OF RAW CLAYS* 


BY 
Heitnricu Rizs, Pu. D., Ithaca, N. Y. 


The tensile strength of clays is a property which cannot fail 
to excite the interest of anyone who has had occasion to test many 
clays physically, and as is well known it varies greatly in different 
clays. bey 

Thus, for example, a series of New Jersey clays recently 
tested showed average tensile strengths ranging from 20 lbs. per 
square inch up to 453 lbs. per square inch, and in another series 
from Texas, which the writer is at present studying, an even 
greater range of average tensile strengths has been obtained. 

As far as the writer is aware, no explanation has been ad- 
vanced for the cause of tensile strength, but some writers state 
that it is an index to the plasticity, which would indicate that 
the two properties are closely associated in their origin. 

It is a well known fact that during the air-shrinkage of a 
clay the particles draw together into a more or less firm close 
mass, and that in many cases this air dried body is hard enough 
to show considerable strength, and to suggest that the grains must 
be tightly packed if not, perhaps, interlocked. 

If the strength were influenced by the interlocking of the 
grains, the question arises what size or mixture of sizes would 
yield the greatest strength. 

Investigations in soil physics have shown that when a mass of 
soil is composed. of grains of equal size, these are not capable of 
compacting into a perfectly dense, tight mass, and that even with 
the closest arrangement there is still considerable pore space left, 
this being true of all equi-sized grains regardless of their diameter. 
With a mixture of grains, the pore space is reduced to a minimum 
because the variation in the size of the particles permits an ex- 
cedingly close adjustment or packing. 

When any series of clays is tested it is evident that the coarse 
grained, highly sandy ones have a low tensile strength, and that 


* Published by permission ot the State Geologist of New Jersey. 
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many extremely fine grained ones, as far as the writer’s experi- 
ence goes, are also low in their tensile strength. Many clays, 
showing a high resistance to rupture, contain considerable grit, 
but still shrink to a hard and sometimes even dense body, indicat- 
ing considerable percentage of fine particles. 

In order to test the correctness of this view of relation of 
assorted sizes to tensile strength the writer selected five clays at 
random from the New Jersey series tested, the only precaution 
taken being to pick out samples ranging from high to low tensile 
strength. These five samples, together with their charters, were 
the following. 

1. A soft, powdery, washed ball-clay from near Sayreville. It 
was plastic to the feel, with very little grit, and a tensile strength 
of under twenty lbs. per square inch. 

2. Sample of Raritan clay from Cliffwood. A black, sandy, 
micaeous clay, with an average tensile strength of 105 lbs. per 
square inch. } 

3. <A clay of the Cape May formation from along the river 
south of Millville. A gritty, plastic clay, with an average tensile 
strength of 289 lbs. per square inch. 

4, Pleistocene brick-clay from near Somerville . This was also 
a gritty, plastic clay, but not as dense burning as the previous one. 
Its average tensile strengtth was 297 lbs. per square inch. 

5. Clay from the Alloway formation from railroad cut north 
of Alloway. This was a very plastic, slightly gritty, dense, red- 
burning clay, with an average tensile strength of 453 lbs. per 
square inch. | 

Each of these clays was put through a mechanical analysis and 
separated into five classes of grains. The method of mechanical] 
analysis used was that known as the centrifugal method, and is the 
one employed by the United States Bureau of Soils. It is quicker, 
easier to manipulate, and more accurate than the Schone method. 
The clay samples were separated by this method into five sizes 
as follows: 


Diameters in 


Conventional Name millimeters 
CTay | SUDSTATICE ce s/0c0 nt bea eee .005-.0001 
Pine Bilt ees oad Gis etek tens eae ye porate .005-.01 
Siltiand Ane SANG! ooo. ema es .01 -.25 
Medium Sand soe os Aa ee eae 25 -.5 


SONG se es i SS ice rn ene Bee fi 
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The percentage of these sizes in each of the five samples was 
as follows: 





Percentages. 
Conventional name 
ei Hi scab oll LIMES ina WiC ins ile 8 Fi ic dducaae GGA TAI Lo Ree ls IES 5 

Clay substance....... | 87.96 30.645 22.00 30.645 | 22.00 | 44.00 | 59.00 — 
Pune jSiltudiu. tie ede 6.95 14.21 5.66 7.11 11.00 
Silt and fine sand..... 3.00 5.585 26.55 24.35 14.70 
Medium sand......... 1.00 6.400 | 11.45 7.80 3.50 
BG) ee aA ae Sabah de 42.95 33.44 16.35 11.40 

Tota Buin eek | 98.91 Via 99.79 | 99.10 | 99.10 Soong ay 99.61 ae ao UR 99.60 
Average tensile 

strength 20 105 289 297 453 


The above table, it seems to the writer, ae some rather 
suggestive facts. 


Taking No. 1, whose tensile strength is the ivan we find it 
has 87.96% of clay particles, and that the percentages of the other 
grain sizes is very small. Its tensile strength is low. In No. 2, 
‘whose tensile strength is only 105 lbs. per square inch, there is a 
large amount of sandy grains, viz. 42.95%. 

Nos. 3, 4, and 5, it will be seen contain a mixture of ne 
several sizes, with the clay particles forming the highest percen- 
tage in the case of 4 and 5. 

From these it would seem that an excessive amount of clay 
particles, or large percentage of sand grains weakens the strength 
of the air-dried clay. 

If the theory of interlocking particles is true then it should 
be possible to make a mixture of two clays whose tensile strength 
is higher than that of either of the clays alone, or vice versa. 
While the writer did not have the opportunity of making experi- 
ments to prove this point, some results were obtained in the 
course of the physical work on the New Jersey clays, that have an 
important bearing on it. 

Of several clays tested from the Asbury clay formation near 
Asbury, one was a slightly gritty, black clay with an average ten- 
sile strength of 182 lbs. per square inch. The other was a plastic 
loam, whose average tensile strength was 137 lbs. per square inch. 
A mixture of the two in equal proportions, however, had an aver- 
age strength of 258 lbs. per square inch. Another clay from a 
different formation had an average tensile strength of 108 lbs. 
- per square inch, while a mixture of equal parts of this clay and 
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sand, showed a tensile strength of but sixty-five lbs. per square 
inch. . 

It may seem doubtful whether mere interlocking alone is 
sufficient to account for the tenacity of the clay, and whether or- 
not the organic substances included under the general term of 
collovds, and which are no doubt present in many clays, do not 
exert some cementing action. Suggestions regarding the effect 
of these must be looked on as speculations until proven. In fact 
the observations given above are not to be considered as final con- 
clusions, but are presented with the hope that they may bring 
forth some discussion which will aid in clearing up the cause of 
tensile strength. 

There is another point in connection with tensile strength to 
which attention should be called, and that is the use of the tensile 
strength as a measure of plasticity. This seems to the writer to be 
incorrect, and no doubt many others have noticed this also. While 
it is true that most lean clays have a low tensile strength, and 
many clays of high plasticity have a high tensile strenth, still there 
are many sandy clays of low or moderate plasticity whose tensile 
strength is high. This is true, for example, of some of the clay 
marl of New Jersey, and several excellent examples of it have been 
found in the Texas clays. 

Many highly plastic clays show a low tensile strength, but this 
is often due to the formation of small cracks in drying which cause 
the briquette to break before its ultimate strength is reached. 

Professor Orton in two very interesting papers presented be- 
fore the society* came to the conclusion that the tensile strength 
of a clay is increased with a decrease in the diameter of the non- 
plastic ingredients, and fine grained clays will, other things being 
equal, possess the greatest tensile strength. It is somewhat difficult 
to compare the tests here given with those made by Professor Orton, 
for in his experiments only one size of nonplastic grains was mixed 
with the clay particles, and then in equal parts. Making compari- 
son as far as possible it would appear that in raw clay an excess of 
fine grains decreases the strength. 


* Trans. Amer. Ceram. Soc. Vol. II, p. 100; Vol. III, p. 198 
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DISCUSSION. 


Professor Wheeler: As the Secretary overlooked me in send- 
ing out the copies of Mr. Acheson’s paper, the paper on Kgyptian- 
ized clay is new to me, and I wish to carefully read Dr. Cushman’s 
paper before discussing it. The paper of Dr. Ries presents data 
that will bear further study. While the evidence furnished by Dr. 
Cushman indicates that there may be several causes of plasticity, 
(and his colloidal hypothesis is deserving of careful consideration ) 
it is at least premature to abandon our former ideas as to the 
cause of plasticity in clays. 

Before discussing plasticity, I desire to bring out one feature 
_ shown in the analyses presented by Dr. Ries, viz.: The range of 
tensile strength from 20 to 453 pounds to the square inch, obtained 
by simply mixing the clay with water and allowing it to dry. The 
stronger clays have a tensile strength equal to many Portland ce- 
ments, and far superior to the average natural-rock cements. 
The figures given by Dr. Ries are very valuable, in the light of our 
former theories, because the weakest clay has the most clay sub- 
stance, and the next richest in clay substance has the greatest 
strength. Another clay with quite a considerable portion of foreign 
matter has a marked plasticity. 

In correlating plasticity with tensile strength, I have drawn 
the line at 100 pounds to the square inch as being a fairly plastic 
clay; such a clay 99 out of 100 potters would term a plastic clay. 
If it has less strength, they would call it a lean clay, and, when 
more, a decidedly fat or very plastic clay. 

The clays cited by Dr. Ries bring out the fact very sharply and 
clearly that the plasticity of a clay is mainly a factor of the physi- 
cal condition of the clay particles, rather than the percentage of 
the clay substance. If the particles are in a favorable condition, 
a small percentage of clay substance will give the mass decided 
plasticity and strength. If on the contrary the particles are not in 
this favorable condition, almost pure clay substance will give but 
little plasticity or strength. Now under the microscope I hava 
found that when the crystals of the clay were coarsely lamellar, the 
clay was but little more plastic than so much sand; if the crystals 
are broken up into thinner plates we get a moderate plasticity, and 
when they are broken up into very thin plates, even tho the clay 
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be contaminated with a large quantity of sand and foreign matter, 
the clay is very plastic. 

While I am responsible for advocating the tensile strength 
method as the most satisfactory way of measuring the plasticity 
of clays, I tried to make it clear that it was a tentative and not al- 
together satisfactory method. For I have found certain clays in 
Missouri, of the residual or surface type used for red brick, which 
tho heavily diluted with sand, gave remarkably high tensile 
strength, tho the plasticity, as judged by the feel, was much less. 
pronounced. This great strength I explain by the clay substance, 
tho present in moderate to small amounts, being in the condition 
of extremely thin plates, interlocking and weaving the mass into: 
a strong body on drying, tho the large percentage of sand gives 
it a more moderate degree of plasticity, as judged by the feel,. 
when wet. Unquestionably, a softening of these thin plates by 
chemical action, whether secured with tannin or by exposure to 
the elements, would make these plates more susceptible for in- 
terlocking, and, hence, increase the strength, by enabling them 
to bend more readily over and around the sand particles. 

Dr. Cushman’s hypothesis is worthy of careful study and in- 
vestigation, but I think much must be done before we can accept. 
it as a satisfactory theory for the plasticity of clays. 

Dr. Cushman: I presented it as a theory only; if experi- 
ment does not bear it out, then I have no desire that it shall live,. 
When it comes to an explanation of the figures given in Dr. Ries” 
paper, they are just as well explained by my theory as any other.. 
I pointed out that everything depended on the activity of what- 
ever colloids might be present. 

Tensile strength as a measure of plasticity is open to severe 
criticism. Take the instance of a piece of broken crockery with 
the broken part cemented together with a little casein glue, as one: 
sees on the streets with heavy weights attached. Here we have 
tremendous tensile strength, but it does not show how it would 
stand cross breaking strains. The clay which shows a tensile 
strength of 453 pounds to the square inch would not work well if 
put to the same uses as a Portland cement. Of a Portland ce- 
ment you could build a floor and drive wagons over it, but the 
clay product would not wear long under such conditions. Tensile 
strength does not tell much about the qualities of a clay. 
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Prof. Charles F. Binns: I think it is agreed that tensile 
strength is not satisfactory for plasticity, but there is another fact 
which must be taken into consideration in connection with these 
tables—this is a mechanical analysis, not a chemical one. Clay 
Number One is entirely in a fine state of division, over ninety 
per cent. of it being below .025 of a millimeter. There is nothing 
to show that fifty per cent. of this might not be fine grained 
quartz, and we should not necessarily expect great plasticity or 
tensile strength. 

Subsequent Note by the Author. 

While it is quite true, as Professor Wheeler states, that the 
tensile strength shown by some of my experiments was equal to. 
many Portland cements, still the strength remains only when the 
clay is in a thoroughly dry condition. It seems to me that Pro- 
fessor Wheeler is certainly right in saying that the condition of 
the particles exerts an important influence, that is, if the clay 
particles are bunched together or flocculated instead of being in 
a puddled condition they would no doubt exert less binding in- 
fluences on the mass. 

In reply to Professor Binn’s remark, I would say that clay 
No. 1 that shows such a high percentage of clay substance has 
by rational analysis over 98% of clay substance. It is a washed 
ball clay from New Jersey and, therefore, there is no possibility of 
50% of this clay being fine grained quartz as Professor Binns 
suggests. 


INFLUENCE OF MAGNESIA ON CLAY. 
BY 


LawkENCcE E. Barrineer, HE. M. (in Cer.). 
Research Laboratory, General Electric Co., Schenectady, N. Y. 


As has been pointed out by Maeckler* and confirmed by Mr. 
Hottinger?, magnesia serves to widen the distance between the 
vitrifying and melting points of clays containing lime or more 
active fluxes and to reduce porosity of such bodies at a given 
temperature. A broader claim for the value of magnesia does 
not seem justifiable from the data so far obtained and there are 
some points in connection with the use and value of this material 
which have not been touched upon at all. 

There is no doubt that magnesia is a desirable substitute for 
lime, entirely or in part, in low fire bodies where it is desired to 
have a greater margin between the vitrifying point and the fusing 
point than exists with lime alone. Just how quickly lime exerts 
its fluxing influence and how magnesia bodies slowly travel 
towards fusion through the same increase of temperature is nicely 
shown in the shale experiments carried out by Mr. Hottinger. In 
the porcelain experiments, however, the temperature was not car- 
ried to the critical point for this class of ware. Whatever effect 
magnesia may have on a porous porcelain body, does not convince 
one of its value in a non-absorptive, vitrified body. If these ex- 
periments had been broadened by carrying the bodies to vitrifica- 
tion, and determining the different densities, the results would 
have been more conclusive as to the value of magnesia in giving 
dense bodies which remain true to shape under vitrifying heat. 

Lime, as has been repeatedly demonstrated, invites distortion 
of ware under a vitrifying fire, and its entire or partial replace- 
ment by magnesia serves to correct this fault. As an example of 
this, Maeckler cites the case of the compact structure and sharp 
angles of the Hungarian Ceramite blocks, which Tetmajer found 


1. Thonindustrie-Zeitung 26 (54) 705-709. 2. Trans. Am. Cer. Soc. 1908, 5, 130-133. 
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to contain 4.94% MgO and 18.15% CaO. Or, in a shale where 
the fluxes are mainly iron and the alkalies, magnesia may serve to 
correct abrupt changes from vitrification to fusion. But magnesia 
added to a porcelain body with potash as its sole RO element, i. e., 
a purely feldspathic porcelain, may detract from its qualities in 
several ways. The following is a series of bodies, starting with a 
feldspathic porcelain recommended by Hegeman*, and introducing 
lime and magnesia separately and together. This was done by 
molecular replacement with the exception of No. 31, which 1 is prac- 
tically 95% porcelain body No. 26 and 5% magnesia. 


Formulae. Ingredients, 
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Burned to cone No. 11, numbers 26, 27, 28 and 31 were fine, 
hard, white porcelains, thoroughly weil vitrified. Numbers 29 and 
30 were hard and white but not thoroughly vitrified. This is due 
to the too great depression of the feldspar, resulting from adding 
MgO and CaO at the expense of K,O. It will be noted that the 
magnesia bodies have excessive shrinkage, but, in point of density, 
No. 28, containing .1 equivalent MgO, is the best of the series with 
No. 26 a close second. This would tend to bear out the statement 
as to the value of magnesia in securing hard, dense bodies. How- 
ever, in other trials, pure feldspathic porcelains were obtained 
(very close in composition to No. 26) with a specific gravity of 
*.43, thus surpassing the magnesia body. The drop in specific 
gravity of No. 26 on the addition of 5% of magnesia is also signifi- 
cant. 

In remarking upon the paper Prof. Orton says, “One of the 
chief points of value is the demonstration of the fact that mag- 
nesite as a flux will enable us to get vitrification at actually lower 
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temperatures.” As yet this statement hardly seems warranted. 
With the exception of the shale, none of the bodies experimented 
upon by Mr. Hottinger were carried to the vitrifying stage and 
compared. The shale, with and without magnesia vitrified appar- 
ently at about the same point. In the experiments with the 
porcelain mixture, the nearest approach to vitrification is in trial 
B-6, which reached an absorption of 6% at cone No. 5, while the 
porcelain body without addition had an absorption of 14.4% at 
the same heat. While to all appearances the magnesia body is 
approaching vitrification faster than the unadulterated porcelain 
body, we cannot say how much sooner it would become vitrified. 
The experiments were unfortunately stopped just short of clinch- 
ing the point. In Maeckler’s experiment with kaolin, as noted by 
Mr. Hottinger, the pure kaolin is approaching vitrification faster 
than either of the magnesite mixtures. Trial L, with 21 parts 
of magnesite, actually increased in porosity from cone 1 to cone 
5, and under the same change of temperature trial M dropped in 
porosity 15%, whereas the kaolin dropped in porosity 297%. 

In the case of the shale I think, after all, the effect of the 
magnesia is not surprising and the cause is to be looked for not far 
from the old statement of Seger’s as to the fluxing power of mag- 
nesia. Magnesia is a harder flux than lime and if substituted for 
lime in a glaze or in a vitrified body it stiffens the mixture. This 
magnesite, which is highly refractory, and added it to 100 parts of 
has often been verified by the writer. If you took 21 parts of 
magnesite, which is highly refractory, and added to it 100 parts of 
shale, as Mr. Hottinger did, would you not expect the melting 
point of the shale to be raised? At the same time, vitrification 
would commence very close to its original point amongst the shale 
particles. But to incorporate the more refractory magnesite par- 
ticles would require additional temperature and time. We thus 
have not only raised the melting point of the shale but have 
broadened the range of vitrification. There is very little differ- 
ence in trial C-4 of Mr. Hottinger’s experiment and the pure 
shale trial under cone 1 heat. O-4 stands up longer, however, 
under increased heat, simply because it contains particles of a 
hard base which are entering into silicate formation slowly. If, 
instead of magnesia we had added to the shale the same amount 
of some other refractory base, as chromic oxide, it is very probable 
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we should have obtained results similar to those shown by mag- 
nesia. : 

Turning to the purely practical side of the subject we find 
several objections to the use of both lime and magnesia in a hard 
porcelain body. 

Maeckler states that the property of shape retention may be 
imparted by the addition of a small quantity of magnesia and 
later cites the case of an insulating cap which was found to con- 
tain 31% MgO. Such a percentage of magnesia as this would 
certainly interfere seriously with the pressing of low potential 
electrical porcelain which is made on the ordinary screw tile 
presses. In this class of ware there are many intricate shapes and 
the ingredients of the body must be kept carefully proportioned 
to meet the requirements of the presses. A small percentage of 
lime or magnesia (as low as 5%) added to a feldspathic porcelain 
immediately “shortens” the mixture and, while it would still be 
possible, perhaps, to press some shapes successfully, intricate pieces 
would work poorly and break easily. 

Another disadvantage of magnesia is the increased shrinkage 
it gives to the body of which it forms a part. The greater the 
shrinkage in pieces of certain shapes, the greater the tendency to 
warp. Especially in thin-walled, cylindrical pieces it is desirable 
to have a small shrinkage. Such pieces, in shrinking and drawing 
over the rough sagger bottom on which they rest, very easily have 
their circular section distorted at the 
base. Letting the section A represent 
the section of such a piece resting on the 
sagger bottom in firing, and B the final 
size of the same section left by the fire, 
the greater the distance ©, the greater© 
the tendency of parts of the circular sec- 
tion to be held back mechanically behind 
other parts in shrinking, with conse- 
quent distortion. Magnesia undoubtedly aggravates this trouble 
because of its influence on shrinkage. 





A still further disadvantage of magnesia is its tendency to 
make porcelain stick under a vitrifying fire. A large part of small 
ware is “stacked” in a vitrifying biscuit fire and the pieces, of 
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course, must not adhere when in contact. Porcelain containing 
magnesia will stick more or less. | 

In conclusion, what I wish to emphasize is the fact that the 
action of magnesia will depend a great deal upon the character of 
the body or glaze in which it is used. In bodies containing a num- 
ber of active fluxes and which vitrify at a low temperature mag- 
nesia has a very noticeable effect upon the melting point and the 
temperature range of the vitrifying stage. As the number and 
character of the bases change in going towards high fire products, 
the influence of magnesia lessens considerably. It is perfectly pos- 
sible to make a feldspathic porcelain which at a given temperature 
becomes thoroughly vitrified and non-absorbent, hard and dense, 
has a moderate shrinkage and can be burned into thin-walled pieces 
which retain their shape splendidly. Magnesia, introduced into 
such a body not only fails to give any marked improvement, but, 
as seen from the few foregoing tests (which were repeated a num- 
ber of times), increases shrinkage, lowers the density, makes a 
“short” mixture to work, and invites sticking under fire. 

Furthermore, as far as all records show, the use of magnesia 
has never been extensively resorted to in the fine, dainty, fragile 
chinas and porcelains of France, England, China and Japan. 
This, of course, does not prove that magnesia would not be of any 
value in such compositions, but the fact that such ware has been 
and is made successfully without it tends to limit its value to the 
fact that possibly these delicate shapes can be put through the 
kilns with less care with than without magnesia. This is a ques- 
tionable advantage, especially in the face of the disadvantages be- 
fore pointed out. 

DISCUSSION. 

Mr. A. F. Hottinger: I have not carried my experiments 
much further since my paper last year, so 1 cannot say much. I 
did find in a single experiment which I made, the excessive shrink- 
age which Mr. Barringer mentions. It was a Seger porcelain body 
using magnesia, and I was surprised at the great shrinkage. 

Mr. Barringer: 1 do not think the shrinkage is surprising, 
when we have in mind magnesia crucibles which have already been 
in the fire. It seems no matter to what heat they have been burned, 
they will continue to shrink if further heated. Further, this work 
on magnesia in clay mixtures, which has come up several times, 
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tends to show that the law of complex bases is limited. It is gen- 
erally thought that the more bases in a body, the more fusible, but 
this does not show it. In some cases the fusibility increases and 
in some decreases. 

Professor Charles F. Binns: I want to ask whether there has 
been any notice taken of color. Mr. Barringer spoke of “white” 
color. In any experiments which I made with magnesia I almost 
always found it destructive to the color of a porcelain body. 

Mr. Barringer: As far as color is concerned, I noticed no 
difference whatever. ‘They were all nice, white, hard porcelains. 
The only differences noted are those mentioned in my paper, Viz., 
shrinkage and specific gravity. 

Mr. 8S. G. Burt: I will ask Mr. Barringer whether, in speak- 
ing of magnesia crucibles, he is speaking of pure magnesia or a 
mixture ? 

Mr. Barringer: 'That I cannot say, except they were sold for 
magnesia crucibles, and I presume they were very high in mag- 
nesia. 

Mr. Burt: 'They were not pure? 

Mr. Barringer: The only difference we noticed was in pieces 
of the shape indicated in the sketch, which showed in the greater 
shrinkage and drawing on the sagger bottom, causing distortion. 
In the solid pieces, like cut-outs, switch bases, etc., the effect was 
not noticeable, as far as distortion was concerned. Both were dis- 
torted slightly more than the feldspathic body. 

Professor Binns: I understood Mr. Barringer to say that the 
action of lime and magnesia is contrary in that respect? We 
know that hme brings the points of vitrification and viscosity close 
together, and I understood Mr. Barringer to say that magnesia had 
the contrary effect ? 

Mr. Barringer: What I said on that matter was in referring 
to shales. As I said in my paper, there certainly is a difference in 
the action of magnesia in high fired and low fired bodies. The 
fluxing action is more noticeable in low fired than in high fired 
bodies. As far as appearance went, these porcelains looked exactly 
alike. The only difference was found by measure in the shrinkage 
and specific gravity. But the same quantity of magnesia added to 
a shale and to a porcelain body burned to that shale’s temperature, 
would certainly give different effects. I think it would be more 
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noticeable in the shale than in the porcelain body. That was the 
conclusion drawn from Mr. Hottinger’s paper, that magnesia was 
a good thing to add, assisting vitrification and fusing points, 
bringing them close together. j 


Mr. Burt: I would like to ask Mr. Barringer whether he can 
give the temperature to which these various bodies were fired. It 
seems evident that vitrification did not occur at anything like the 
same degree of heat, and the actual temperature becomes an inter- 
esting point. 

Mr. Barringer: These porcelain samples were made up and 
all fired at the same time, burned in the same sagger, and the ex- 
periment repeated a half dozen times. They were burned on an 
average to heat of cone twelve, and as far as I could see, the 
pieces were as thoroughly vitrified as the regular line of porcelain. 
I did not run any absorption tests. That would be the better way 
to show it. Ink was not absorbed on any of these tests. 


Mr. Burt: You did not find any variation in fusibility ? 


Mr. Barringer: No difference, so far as vitrification is con- 
cerned. 


Prof. Edward Orton, Jr.: This discussion has brought out 
one point, which I will not attempt to explain. Maeckler’s original 
paper was based largely on researches made on roofing tile clays, 
which vitrify at very low heats; Mr. Hottinger’s conclusions, to a 
considerable extent, were derived from experiments on shale 
bodies, which also vitrify at low heats. If there is a difference in 
the real role played by magnesia in the two classes of bodies, high- 
fired porcelain and low-fired bodies in which iron is a prominent 
constituent, it is likely that iron is largely to blame. Blein- 
inger has done work along that line in Portland cements, and while 
cements are not pottery bodies, the principle involved may help us. 

Mr. A. V. Bleininger: Ferric oxide plays an exceedingly im- 
‘portant role in bringing about vitrification in cements. If we were 
to make a portland cement of pure kaolin, whiting, and flint, the 
cement could not be burned in any commercial kiln. The tempera- 
‘ture would be beyond reach commercially. A small per cent. of 
‘ferric oxide lowers the temperature, and brings about combination. 
In this way, we obtain a portland cement containing about seven 
‘per cent. of ferric oxide. Seven per cent. is about the commercial 


INFLUENCE OF MAGNESIA ON CLAY. 93 


limit. The ferric oxide plays an exceedingly important role in 
bringing about vitrification. 

Prof. Orton: With that explanation, we can form a sort of 
working hypothesis to reconcile these conflicting views. Mr. Bar- 
ringer is reasoning largely from experiments made with white 
bodies fired at cone twelve, a compound of china and ball clays, 
flint and spar, and he has added magnesia and calcium oxides as 
subsidiary fluxes; the experiments of Maeckler and Hottinger were 
along the line of low temperature bodies, in which iron was an im- 
portant ingredient. May not the proportion of iron be the critical 
thing in determining whether the magnesia acts well at low or 
high temperatures? In view of the action of iron in cement mix- 
tures, as found by Mr. Bleininger, where the problem is to develop 
combination between sand and clay with large quantities of lime 
and magnesia, may we not expect a similar set of conditions in 
clays, where sand and clay are to be combined with smaller quan- 
ties of lime and magnesia at lower temperatures. 

Mr. Barringer: There are certainly some confusing phe- 
nomena which need to be worked out. In slags, Howe has found 
that with a given acidity uni-and bi-silicates have the melting 
point increased by the use of magnesia, while tri-silicates have it 
lowered, but we do not know exactly why this should be. 


THE FUSING POINTS OF SEGER CONES 
EXPRESSED IN DEGREES. 


BY 
S. GEIJSBEEK, St. Louis, Mo. 


In recent papers and investigations we find there is quite a 
difference in opinion in regard to the melting point of Seger cones 
as compared with the measurement in degrees of heat as expressed 
by the Le Chatelier Pyrometer. 

Wheeler’ speaks of the irregularity of the melting of Seger 
cones, and gives as his views that the absolute melting point of 
Seger cones cannot be determined within 100 degrees Fahren- 
heit. 

Orton? has noted that Cremer cone 02 fused at 1155 degrees C. 
or 35 degrees C above its temperature, and that Cremer cone 010 
fused at 1055 degrees Centigrade or 100 degrees above its schedule 
temperature. anni 

Hofman® states that by using Seger cones in order to be sci- 
entifically correct, you must leave out degrees of heat and give your 
results as occurring at Seger cone so and so. Degrees centigrade 
are only used to bring the results in comparison with pyro- 
meters. 

Purdy* cites a case where in a second burn the cones come 
down 15 degrees centigrade earlier than they did in the first burn 
according to the readings of the pyrometer. 

Dr. Zimmer® found 25-30 degrees centigrade difference in 
readings according to the pyrometer between a slow and quick 
fire. 

These statements indicate that there is room for doubt as to 
the value of either the cones or the pyrometer as compared with 
each other. 





(1) Missouri Geological Survey, Vol. XI, page No. 140. 

3 Trans. American Ceramic Society, Vol. V, page Nos. 321-330. 
(3) Vol. V, page No. 226. 

(4) fs s it cen WOM V, page No. 149. 

(5) th 4 sé SE Wok, i page No. 23. 
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It is to be regretted that two methods which have proven so 
highly satisfactory for testing high temperatures, especially in 
connection with our ceramic work, should be subjected to criticism 
as cited above. 


We can trace this matter back to the early contributions in 
English, which were more or less translations of the original arti- 
cles on cones, and their comparison with degrees of heat as ex- 
pressed by the Le Chatelier pyrometer. While it was not the idea 
of the investigators at that time to compare cones directly with de- 
degrees of heat, their translated statements were not worded strong 
enough to prevent the public from taking it for granted that cones 
should melt at exact temperatures, nor have the more recent state- 
ments improved the situation. 


Referring back to the original articles, Seger cones were only 
just introduced. They were used mostly for experimental pur- 
poses, quick heat and their results. The Le Chatelier pyrometer 
was also at that time an instrument of recent creation, and it was 
only natural that both should be used for comparison in the light 
of experimental purposes. 


However, today, we find different conditions. Cones have 
gone through the experimental stage, and so has the Le Chatelier 
pyrometer. Both are here to stay, with this difference, that the 
former is an indicator of approximate temperature values, while 
the latter gives the exact value of heat temperatures. 


As we are using cones, it is only natural that we should like 
to know at what temperature they melt, even approximately, and 
the tables now in use are the same ones as used in the early part of 
the introduction of both cones and pyrometer. They give us the 
value of quick heats and their results, but leave us entirely in the 
dark as to the regular conditions in use in practical Ceramics. 


Any table or statement, therefore, giving the approximate 
degrees of heat at which Seger cones will melt, without stating 
the conditions as to rate of firing, is subject to serious suspicion 
of its merits, and is not a document in which we can place any 
reliance. 

To illustrate the point, I will give the results of some in- 
vestigations along this line. I have tested Seger cones under two 
different conditions: (1) quick burning and (2) slow burning 


96 THE FUSING POINTS OF SEGER CONES. 


conditions, yet still keeping within the range of practical and not 
experimental Ceramics. 

The kilns in which these tests were made were muffle kilns. 
They were fired without paying any attention either to Seger 
cones or to the pyrometer, and were finished according to the 
judgment of the superintendent of the works, by trial pieces coated 
with colored and Albany slips. 

The pyrometer used was the Heraeus Le Chatelier pyrometer 
and was repeatedly tested against goid and silver as to its correct 
~ reading for these melting points. The Seger cones used were the 
standard pyrometric cones made at Columbus, O., by Prof. Edward 
Orton, Jr. 

The Seger cones were put in the kiln in such a position that 
the end of the pyrometer tube containing the couple nearly touched 
the middle of the height of the Seger cones. 

The following results were obtained, and are herewith tabu- 
lated. 


Melting Temperature in Degrees Centigrade. 
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It will be seen at a glance that there is a difference in the 
degrees of heat required to melt a cone under different conditions. 
It appeals to me as being advisable, in order to overcome erroneous 
ideas as to the actual melting point of Seger cones, to correct the 
tables now in use and confirm the temperatures with the conditions 
under which Seger cones are used. 

A desire to have these tables revised has been expressed for- 
merly by Dr. Zimmer’; he stated that he hoped that the tempera- 
ture scale of Seger cones would be corrected according to our large 
and slow burning biscuit kilns. 


(1) Transactions American Ceramic Society Vol. 1, page 23. 


EXPRESSED IN DEGREES. . 97 


Most tests made in regard to heat determinations, and spe- 
cially those mentioned in our transactions, are usually made in a 
short time, 4 to 5 hours. They hardly come within the range of 
practical Ceramics, and, no doubt, the difference between an 
actual factory burn and a laboratory test, is generally appreciated 
by those who conduct such experiments. 

Purdy! says: While these glazes, thus tabulated, fused 
considerably under cone 2, and would give good glossy glazes at 
cone 2 or lower, when burnt in as short a period of time as this 
test was, they would require cone 5-7 in the longer burns of the 
regular stoneware operations. The test of which he speaks was 
made in about seven hours. 

It takes the same conditions of firing to produce the same re- 
sults, and while cones will slowly fuse or “soak down,” it is not 
always necessary to have the same heat. In my tests above tab- 
ulated, which run over a period of about one year, I have found 
that the melting point of Seger cones in the long duration of firing 
will vary about 10 degrees centigrade. 

It seems, however, that in shorter and quicker fire the varia- 
tions run far higher. Orton? gives in his paper, “An Easily Fusi- 
ble Glass Without Lead or Boracic Acid,” the melting points of 
Cremer cone 010 at resp. 910, 925, 945 and 1050 degrees centi- 
grade. In the same paper’, he also shows that he obtained for 
three different glass mixtures burnt at two different times the fol- 
lowing actual degrees of heat as read by the Le Chatelier pyro- 
meter. 


First Burn. Second Burn. 
Glass mixtures No. I-X........ | 1125 deg. C. | 1170 deg. C. 
Glass mixtures No. I-X....... | 1125 deg. C. | 1170 deg. C. 
Glass mixtures No. I-V....... | 1125 deg. C. | 1192 deg. C. 
Glass mixtures No. I-T....... | 1150 deg. C. | 1210 deg. C. 


It must be conceded that all these experiments prove that the 
same mixtures have different fusion points under conditions, which 
while we believe that they are the same, they are in fact different. 

Orton started his new experiments for the lower series of 
cones by the fact that these cones did not act regular. His very 
"GY. Transactions American Ceramic Society yep V, page 160. 


Vv, page 305. 
(3) «6 6e “6 se Vol. v, page 316. 
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experiments prove that other mixtures than cones fuse at different 
temperatures under presumably the same conditions. 

The fact, however, which the writer wants to bring to closer 
attention is that while it has been proven beyond doubt that most 
ceramic mixtures (cones included) fuse irregularly, some investi- 
gators go so far as to attribute these defects to the Le Chatelier 
pyrometer. 

Purdy’ attributes the difference in actual readings of degrees 
of heat between two burns to the pyrometer couple. The same was 
used in one burn between reading times for other purposes, and . 
for that reason he states it will suffer saat by such treat- 
ment to differentiate the readings. 

Purdy does not explain the reason why he thinks that the 
pyrometer couple should suffer by such actions. JI have never so 
far observed any variation in the temperature readings by just 
such changes as Purdy described. Inasmuch as the readings with 
the Le Chatelier pyrometer are instantaneous after the protection 
tubes are well heated, I cannot see where a difference should take 
place. 

Orton? does not think that the pyrometer readings he ob- 
tained in the experiments already cited above are the absolute 
melting points of his mixtures, and says: “These readings must 
not be considered as having a close comparative value.” But at the 
same time he notes the fact that the readings were used to indicate 
the relative temperature intervals between fusions. 

It seems strange that Orton should not accept these readings 
as absolute melting points of his mixtures, in view of the fact. that 
he has no other method of determining the same, except cones, 
whose absolute melting points can not be expressed in degrees of 
heat with certainty. He has not faith in the total degrees of heat 
registered by the Le Chatelier pyrometer, but puts enough faith 
in a few degrees to indicate the relative fusion temperatures. 
There must be something lacking about the stability of the fusion- 
points of cones if the Le Chatelier pyrometer must come to their 
rescue in order to make the experiments valuable. 

That ceramic mixtures like cones are quicker subjected to flash- 
ing than the pyrometer, and that the latter gives a more constant 
~ Q). Transactions American Ceramic Society hse V, page 148. 


Vol. 1. V, page 317. 
(3) 6c és “e “ec Vol, Vv, page 313. 
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reading, Orton® has noted several times. In one place he speaks of 
it as follows: “In the lower muffle, two mixtures were both carried 
down and one partly down by a flame striking them for a few min- 
utes after freshly baiting the fire. The pyrometer registered only 
560 degrees centigrade. The temperature of the flame, which car- 
ried the cone down, was not indicated by the pyrometer. After 
stopping the flame and bringing the heat up more uniformly, no 
change in the glass cones was produced until Cremer cone 05 
started. The cone which had fused down partly now was melted 
down completely.” 

The difference in actual temperature must have been some 500 
degrees centigrade, which brought this glass cone down to com- 
plete fusion. 

In citing another case Orton* states that a cone bent to a per- 
fect semi-circle early in the firing, and stood in that form for 
nearly three and a half hours before fusing down, while the pyro- 
meter rose from 600 to 880 degrees centigrade. 


When a clayworker burns his five day kiln at Seger cone 1, or 
approximately, 1150 degrees centigrade, according to the tables 
now in use, he would be surprised if he knew that the actual heat is 
only 1035 degrees centigrade as shown by my observations. If he 
had burnt his kiln to 1150 degrees centigrade by the pyrometer, 
cording to the old table for a Seger cone 1 heat, his kiln would 
have attained a heat close to Seger cone 7 by my new table, and 
it would be only natural that he would lose faith in both Seger 
cones and pyrometer, and that he would go back to old trial pieces 
as being better than all these new improvements of modern Cera- 
mics. 

In presenting these facts, I do not have in mind to advo- 
cate Seger cones or to criticise the Le Chatelier Pyrometer, as I 
know both methods have their valuable points, but I have in mind 
one fact and that is that we should stop long enough to consider 
these data, and see if it would not be advisable to leave the old 
narrow trail, and grade a new roadway by accepting the old table 
of cone temperatures for experimental purposes only, and estab- 
lishing a new one which will bring us closer to our daily work in 
practical Ceramics. 


(lL) Transaction American Ceramic Society Vo!. V, page 423. 
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DISCUSSION. 


Professor Edward Orton, Jr.: I have had no opportunity to 
see this paper in advance, and, therefore, have prepared no re- 
sponse. The paper brings up some points, which we have discussed 
before and which it seems may be stated now again. They appear 
to need stating perennially. I happen to have here a copy of Wat- 
kins’ paper recently read before the English Ceramic Society on the 
“Method of Measuring Heat by the Contraction of Clays,” in which 
he quotes from Seger’s work the following paragraph: 


“The melting points of the lower numbers of the series have 
been expressed in degrees of the thermometric scale, but I have 
been obliged to make many hypothetical assumptions. I have as- 
sumed that the series with cone No. 1 begins at 1150° C, and 
reaches the highest temperature assumed at 1700° C; and that 
furthermore all cones represent equal intervals of fusibility. Thus: 
I have interpolated, to fill up the intermediate terms of a series, the 
degrees. J must say that I have reluctantly done so, in obedience 
to pressure from manufacturers and that I must always make reser- 
vations in regard to these thermometric degrees. But for the high- 
est numbers I do not venture to follow the same plan, for lack of 
tangible data. Once accustomed to designate temperatures by cone 
numbers, one will find them adequate even if they represent an ex- 
pression differing from the customary notation. For instance, let 
it be stated that a clay comes up to cone No. —, and a definite 
fusibility is thus expressed and the same point can always be found’ 
in the future. It will not be necessary to add degrees impracticable: _ 
to directly verify.” 


This is the statement of Dr. Seger on this point. He did not. 
bring the question of temperatures as bearing on the service these: 
cones were to render. He was only induced to connect his cones 
with fixed temperatures by the pressure of friends and business as- 
sociates who were looking after the commercial side. It was done: 
to make sales easier My own experience in the manufacture and 
sale of these cones has amply demonstrated the wisdom of Dr.. 
Seger’s point of view. It is unfortunate that the fusing tempera- 
ture should ever have been made so prominent in the use of the: 
cones. It has always seemed so to me. I do not know that it: 
seems any different now. 
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When Mr. Geijbeek first began to write his results on the 
- board, I confess to some little trepidation, because I did not know 
what my cones might have done, but I feel that they have shown 
very fairly well relative temperature conditions. If there had been 
more marked inequalities, I would have felt some mortification, 
perhaps, but as it is it seems that the series is surprisingly good. 

These temperatures were assumed in the beginning; they were 
adopted against Dr. Seger’s better judgment. As to the perpetua- 
tion of that idea of a definite temperature at which cones melt, I 
think Mr. Geijsbeek has furnished the best possible argument 
against it. The amount of sulphuric acid in the coal and various 
factors come into the question. J submit it is not worth while to 
attempt to perpetuate the temperature idea with these cones. In all 
my letters or correspondence on the subject of Seger cones, i have 
studiously attempted to do away with the use of temperatures. 
Upon request for this information, I tell the applicant where the 
cone is supposed to melt in the centigrade scale, sending him type- 
written or carbon copies of the supposed melting point tempera- 
tures. I do not care enough about the use of temperatures even to 
have it printed. I say, “After you get used to dealing with cones 
you will forget all about temperatures, and deal with cone numbers 
instead, which is the correct basis.’ 

What I said in Volume V on the melting points of certain 
glass amounts to this: The glasses were melted at various times 
through several months; the temperature of the atmosphere in the 
kiln house and around it materially differed from one time to 
another. It is well known to those dealing with the Le Chatelier 
pyrometer, that the current, or rather the voltage generated by the 
thermocouple, is proportional to the difference in temperature be- 
tween the junction of the couple and its free ends. If both ends 
of the couple were of equal temperature no current would be gen- 
erated. The temperature is estimated by measuring the intensity 
or voltage of the current generated. Hence, if the couple is in 
a hot kiln and the free ends are out in the open air, the reading 
will vary by whatever variation in the outside atmospheric temper- 
ature may exist from day to day. From a warm day in summer to 
a cold day in winter this would be very considerable. 

If we want to produce standard readings, the outside ends 
should be placed in ice-water, thus securing a constant starting 
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point. For my purpose, I did not deem it of importance to do that. 
I only used the pyrometer with the idea that it would give a regular 
series of differences—that the series of any one one burn would be 
consistent with themselves. Mr. Geijsbeek, I think, will now un- 
derstand what I said in the paragraphs quoted. If I had tried to 
get the finest work possible out of the instrument I could have got- 
ten readings of comparative constancy. 

Professor Wheeler: Was raw material used in both cases ? 

Professor Orton: No; the mixtures were previously melted to 
a perfectly clear, glassy condition, cooled, sorted, pulverized and 
made into cones. So I was dealing with a substantially horo- 
geneous material. 

Professor Wheeler: Did you ever find so much difference com- 
ing from differences in outside temperatures ¢ 

Professor Orton: Yes; I think so. If there should be a dif- 
ference of forty or fifty degrees (and it is not improbable that we 
should have had as much as that in four or five months) it would 
make a great difference in the reading of the pyrometer. 

Then, there is the factor of time; the fusing of silicates in- 
volves three things—temperature is one, time is another, and size 
of grain is another—these all come in to influence the result. The 
cone is intended to measure the result of heat-work performed, 
which is a pyro-chemical process. The pyrometer on the other 
hand is intended to measure temperature, which is not a chemical 
process. It is a most effective and valuable instrument for this 
purpose. I have often said on this floor, and I say again with 
entire freedom, that the Le Chatelier pyrometer is a valuable 
adjunct to any clay working establishment, and I advise anyone 
who can afford it to own one. I have one myself, and have worn 
out two of the platinum couples and now need another. 

But, I do not use the pyrometer to finish the firing of a kiln of 
clay wares. Clay wares are like cones; their burning involves other 
factors than that of temperature. In my judgment, cones will 
continue to be used in the future as they have been in the past, as 
the best and cheapest effective method of measuring heat-work in 
silicate mixtures. The pyrometer will still continue to have value 
for what it is now used, viz., to trace the changes in temperature 
taking place in a kiln or similar structure. If you have a furnace, 
where you must maintain a uniform temperature, nothing can 
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take the place of the pyrometer. If you wish to determine the 
rate of increase or decrease of temperature, nothing takes the place 
of the pyrometer. I find it invaluable in many operations. But 
it does not and never will measure heat work. 

Mr. Geijsbeek: J don’t say anything against cones. I think 
they are most valuable. I have bought cones for the last ten 
years. I think about the first cones ever put in a kiln, I put in 
myself. I was working with Dr. Seger. But we have on the 
blackboard the problem which,confronts us. You can’t explain to 
the common clayworker that the official melting point of cone 1 is 
1150 degrees; if he burns 5 days it is only 1035 degrees, or if he 
burns in 24 hours, it is 1110 degrees. But if he uses cone one, 
expecting to get the official melting point of 1150 degrees, and it 
goes down at 1035° by the pyrometer in a five-days’ burn, he loses 
faith in both cones and pyrometer. Those official temperature 
determinations were made in five hour burns, and the practical 
clayworker never burns a kiln in five hours. I don’t want to argue 
that cones are better than the pyrometer of the pyrometer is better 
than cones; but I think the official melting points should not be 
used as a guide and that we should establish a new standard. The 
standard melting points are all right to use in the laboratory, but 
not in any clay-working industry. They are not true for ordinary 
practical conditions. 

Professor Binns: Perhaps Mr. Geijsbeek is not aware that 
the official figures have been revised in 1903. 

Mr. Geijsbeek: These were made in 1896. 

Professor Binns: They have been revised. Mr. Geijsbeek has 
beautifully confirmed the assuption that the cones are approxi- 
mately 20° apart. Then he shows that when a kiln is burned 
slowly, we get results at a lower heat, and a lower cone than when 
burned quickly. We could not have had a prettier illustration of 
this very action. I have long tried to convince persons who have 
asked questions of me that we no longer think of or care for tem- 
peratures. They are of purely academic interest. It makes no 
difference to a clayworker whether the cone melts at one or five 
hundred degrees. The point is, the cone shows when he gets a 
certain heat effect on his clay ware, and how to get it again. I 
do not think, in the fact of these figures, anyone can launch any 
criticism against cones. To my mind, they are beautifully corrob- 
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orative. It seems unfortunate that the so-called official tempera- 
tures were ever published. 

Mr. Lemon Parker: It seems to me sometimes very import: 
ant to know the temperature to which you burn your material. 
Suppose it is a matter of shrinkage, and you want to burn your 
goods to a point where they will shrink no more in the use to 
which they are to be put. If that temperature is to be 2500°, you 
want to burn your material to that temperature in order to prevent 
further shrinkage; whereas, if you use the test piece, it is only a 
guide to show you your goods are burned hard enough, but it does 
not show that the material is burned up to the necessary number of 
degrees. If we had some reliable standard to go by, we could 
keep the cones for the desired temperature and each kiln could be 
burned to that temperature without difficulty. For instance, in 
the case of fire brick required for 2500°, if they are burned to 
2200° there will be further shrinkage, the amount depending 
on whether they are highly silicious or of an aluminous clay. The 
aluminous mixture shrinks more than the silicious, and you have 
to burn the aluminous mix to a much higher temperature, because 
they are naturally used at a higher temperature than the silicious. 
I think it is sometimes necessary to know to what point the goods 
are burned in degrees centigrade. 

Professor Orton: I will ask you, Mr. Parker, whether in 
your judgment the people who write to you and ask for a ware 
burned to some definite number of degrees, really have a fairly 
accurate idea as to what they are asking for? Do you find that 
the man who asks for a ware burned to 2500° has any real knowl- 
edge as to what his heat is? . 

Mr.Parker: No; I do not think so; but we once had a case 
in point. We put some of our material in the bench of a gas works. 
They were supposed to use retorts at about 2500°, to which point 
‘we burn them. There was a failure and we found the stuff com- 
pletely fused. We knew from the cone tests made that the ma- 
terial would stand thirty-two or thirty-three hundred degrees. The 
man said he had not had a heat higher than needed to make gas, 
but I had the means to prove that he had and that my material 
would stand for more than the heat necessary for gas making. 


Professor Orton: You take the stand that it is necessary to 
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have some standard to go by, cones or degrees or some other ex- 
pression of temperature ? 

Mr. Parker: We must have some means of understanding 
each other, when talking about heats. I don’t think it must neces- 
sarily be in degrees, if there are any other units. I know it ig 
very difficult to measure really high temperatures in degrees, and 
the closer we get to the melting point of platinum, the more 
difficult it becomes. Our customers naturally try to use pyrometers, 
but I know there is frequently a difference of 700° in the readings 
given by different pyrometers under substantialy the same condi- 
tion. Gas works are supposed to use material at twenty-four or 
twenty-five hundred degrees, and we make our material so it will 
stand between thirty-one and thirty-two hundred. They don’t use 
cones and we do. 

Mr. Getjsbeek: J was called on by some iron workers to tell 
them exactly the trouble with their crucibles, which would not 
stand the desired heat. The manufacturer of the crucibles was 
using cones, and the other man was using the pyrometer, and 
the clay was burned under a five days’ heat, and did not have 
the temperature of the official melting point. 

Mr. Burt: I would like to ask Professor Orton if he has ever 
had any cails from the trade for anything between the regular 
numbers ? 

Professor Orton: Yes; I have had occasional calls for half 
numbers and once or twice I have acceded to the request, but I 
have refused lately to do so. I think sufficiently close results can 
be attained by watching the behavior of the cone below or above 
the critical number. One man may holdi cone four until! it is 
bent; another until it touches; another until it is flat; another till 
the edges are rounded, etc. I don’t think it is necessary to inter- 
polate any new numbers. I think there are too many numbers 
now between cones one and eight. Dr. Seger pointed out that the 
worst weakness in his cone series was that he had put in more 
numbers between cones four and eight than necessary. I find it 
almost impossible to make cones four, five, six seven and eight, so 
that one will not sometimes overtake the other. JI make the cones 
and test them in my kilns until they work all right, falling re- 
peatedly in the proper order, and preserving the proper interval 
between numbers. I then put them on the market, and the first 
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man uses them on a long fire, the next on a short fire. It does not 
follow that the order in which they fall on a short fire will be 
repeated in a long fire. I wish it did, but it does not. I have 
bought cones from the German manufacturers, and on testing, 
have had their number five go down before their number four. 
Other people in this country who make cones have had the same 
difficulty. It is a pity Dr. Seger allowed himself to do two things: 
First, to attach the temperature idea to the cone series; second, to 
put in so many numbers between numbers 4 and 8. If he had 
not, they would burn in better relation than they do. But with 
all their faults, I think the cones have given a pretty fair account 
of themselves. 

Mr. Malcolm Post: In the firing of the kiln, at about the 
time for the cones to go down, if the kiln atmosphere becomes 
reducing, does it make the cones come down quicker or slower ? 

Professor Orton: In the case of the white cone, I do not 
think it affects either way. In the case of a cone containing oxide 
of iron, it may make quite a noticeable difference; and, if so, it 
will melt earlier with reducing atmosphere. It may come down 
out of its normal place. However, I have found infinitely more 
trouble from the presence of sulphuric acid in the kiln gases than 
from reduction. The average kiln, fired below cone one, is oxidiz- 
ing. 

Mr. Volz: Does it not depend a good deal on the way the kiln 
is fired as to when the cone goes down? I know if we fire our kiln 
closely and keep the air out, the cone will go down quick. If we 
fire gradually, and let the cold air strike the cone, it is impossible 
to get the cone down, after it once chills. 

Professor Orton: I had not observed the difference to be 
so great as that. Most of my firing is done in small kilns where 
drafts are relatively strong and most of my cones do get chiiled by 
drafts in the process of firing. I am more used to observing their 
behavior under such conditions than any other. 

Professor Wheeler: 'The great objection to and fear of the 
Seger cone, which I have always had, if it becomes the standard, 
and is made by everybody, is the fact that it is a complex mixture, 
theoretically easy to make, but practically very difficult. That is 
' the weakness of the Seger cone. I allude to that as a practical 
difficulty, and there is only one practical way to eliminate it, and 
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that is to do as as the Germans have done, 1. e., have them all 
furnished from one place. In this country, I believe nearly all 
cones are coming from one place, and as long as Orton is making 
them, I think we can rely on their being conscientiously made, as 
far as possible. As soon as Tom, Dick and Harry make them 
we will get cones telling all kinds of tales. Mr. Geijsbeek’s paper 
brings out the fact that if carefully made, there is reliability about 
them. The series here is as close as we could get by the Le Chat- 
elier pyrometer, and I believe I am supposed to be prejudiced in 
favor of the pyrometer. 

There are also the difficulties which Professor Orton has re-— 
ferred to, which I have not found under the uniform conditions 
which I use. You can’t say to a workman, “When the needle 
swings up here it is a certain temperature.” Anyone using the 
Le Chatelier pyrometer is using a refined instrument, and must 
constantly check it by using pure gold or silver as a standard melt. 
ing point. ? 

I cannot explain the glass ratios, unless the tests were made 
in winter and summer. But this sequence here, and that there 
(indicating table on blackboard), is certainly flattering as showing 
what can be accomplished with the Seger cone. It also brings 
out another thing, and that is the fact that it is impossible to 
make a dogmatic statement as to what the fusion point of a 
certain cone is, any more than you can say that phosphorus melts 
at a certain temperature. While yellow phosphorus melts at a 
certain temperature, red phosphorus does not. Yellow sulphur has 
one melting point and brown sulphur another. The separation 
of chemical and physical problems is very difficult. So here again 
we have to consider physical conditions—there a slow, and there 
a rapid heat. All we can say is that under these conditions the 
cone goes down at that point (indicating), and under those condi- 
tions it goes down at that. So we must qualify all these state 
ments. 

This paper is very valuable and brings out strongly the fact 
that when we make dogmatic statements, we must state conditions. 

I am very much pleased to see that Seger cones can be prac; 
tically brought to yield a regular sequence, in this instance as 
satisfactory as the Le Chatelier pyrometer. But I do not agree 
with Profesor Binns, that we should sleep and wake in cones. Per- 
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haps that would be possible if we lived on the potter’s wheel and 
in the clay bin, but if we want to make our work scientific in 
value, so that it may be used intelligently by those in other fields. 
We must not isolate ourselves in language which others do not 
understand. When we speak of Seger cones, we must give approxi- 
mate temperatures—under certain conditions the temperature is 
so-and-so. You must qualify the conditions. Don’t think you 
can separate Seger cones from the methods by which all records 
are measured in the scientific world. 

Mr. Post: I will give you an illustration to show that Seger 
cones are sometimes more sinned against than sinning. Three 
years ago we started to use Professor Orton’s cones and got along 
nicely for awhile and had good results. Finally the kilns began 
to come light and were not burned to a high enough temperature. 
A week or so afterwards, I found in some of the kilns cone number 
seven down and number six standing. It went along for awhile. 
and I finally got suspicious and watched the fireman. I found that 
the fireman in putting in the hook to pull out a trial piece would 
give a shove and push the cone over and thus get. through with his 
kiln earlier, tho the kiln was being burned off light. 


FAIENCE VS. MAJOLICA. 
BY 


STANLEY G. Burt, Cincinnati, O. 


One of the necessary factors for scientific advance is a per- 
fectly distinct and definite terminology. Without it there can be 
nothing but confusion in all exchange of ideas. When we read of 
cast or wrought iron we know what is meant, but when we read of 
Faience, Majolica, China, or Porcelain, are there any two of us 
who have exactly the same conception of what is meant ? 


I think you will all agree with me on the desirability of our 
terminology meaning something definite, but how is it to be ac- 
complished? Clearly not by anyone person attempting to lay down 
the law, but rather by a free discussion aiming to arrive at a 
definition satisfactory to at least the majority. 


It is my purpose here to state my views merely on what the 
two words Faience and Majolica should stand for. Of course, no 
one could give a definition that would not leave a great deal to be 
justly said against it, but let us try to reach that definition which 
is open to the least just criticism. 


The Century Dictionary says of Faience that is is a fine kind 
of pottery or earthenware, glazed and painted with designs. The 
term is loosely used for any ware between porcelain and common 
unglazed pottery.” The distinct part of this so-called definition is 
that the word is loosely used and means practically anything. Of 
Majolica it says: “Decorated enameled pottery, especially of Italy, 
from the fifteenth to the seventeenth century.” Here we have 
something definite, namely, Majolica is enameled ware. Webster 
is even more hazy. He says Faience means everything, even 
porcelain. How hopeless this is. Here we have earthenware pot- 
tery, Faience and Majolica, all meaning the same thing. In fact. 
all writers on pottery that I have ever read fail to make any 
distinction clearly defined between Faience and Majolica. There 
seems to be a tendency to drop the word Majolica altogether, ex- 
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cept where referring to the old Italian ware, and to use Faience 
for all pottery except china and porcelain. This is especially true 
with French writers. Brougniart, for instance, classifies pottery 
into two main groups, one with soft body, that is not vitrified body, 
the other having hard or vitrified bodies. Under the first head he 
speaks of “Common Faience,” and Faience with a tin enamel, while 
under the second he speaks of “Fine Faience.” Deck, commenting 
on this, justly claims that the fineness of the product does not neces- 
sarily depend upon the character of the body and says he would 
dislike to call Faience of Rouen and Urbino common. Note that 
it doesn’t worry him in the least to call these both Faience, al- 
though both are without any doubt Majolica. He then goes on to 
say, “In default of a more generic name, I consider all pottery 
having an earthy. fracture Faience,’ and explains further that it 
may have a glaze or an enamel. So he calls the clear glazed ware 
of Palissy and the beautiful Henri II. ware Faience, and the en- 
ameled Rouen ware the same. 

Our own Professor Binns in his most delightful book, “The 
Story of the Potter,” as far as I can see, makes no distinction 
between Faience and Majolica. He says, referring to the old 
Italian ware, “The name Majolica, given by universal consent ta 
these enameled wares,” and tells how the Moors abandoned their 
clear alkaline glazes on reaching Spain and made tin enameled 
ware instead. Later we find him as all other writers, speaking of 
the Faience of Rouen, although he tells us that it is technically 
the same as the Italian Majolica, except that cobalt was mainly 
used in the decoration. 

In fact I must freely confess that in the view I am about to 
give you I fear I stand alone. However, I feel my argument is 
good and trust I may be able to convince you. ; 

When we speak of Majolica, what product is first suggested 
to our minds? Undoubtedly Italian Majolica. That this dis- 
tinct class of ware is Majolica we all agree. Then let us see what ° 
are its peculiar characteristics. 

In the first, we note that it is made of a very crude body. 
which is always so charged with iron that it never burns white, 
and is often almost red. Taking next the glaze, we find it is not 
glaze at all, but is an enamel. Here I come to another case of lax 
definition, the indiscriminate use of the words glaze and enamel. 
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An enamel is always opaque, and a glaze transparent, so I claim 
it is wrong to call an enamel a glaze or vice versa. Returning, 
however, to the subject in hand, we find we have a crude colored 
clay body, covered by an opaque, generally white, enamel, and that 
there is no question about this being Majolica. 

The first porcelain brought to Europe from China by the 
Dutch must have seemed to the potters of that time simply mar- 
velous, because it was pure white throughout. Such a thing as 
kaolin, a clay that would burn white was absolutely unknown to 
them. Naturally this porcelain brought high prices, and our 
Dutch home potter was in despair until he discovered how to 
make an imitation of it. This he accomplished by covering 
his coarse yellow to red body with an opaque white enamel, 
upon which he painted copies of the Chinese designs. How- 
ever, his product was never porcelain, but merely Majolica. That 
is, he concealed his colored body with enamel, and then painted 
on this enamel. The fact that he often put a final clear glaze 
over his painting, did not alter the case. The so-called Rouen, 
Faience, was of the same character and, therefore, is a Majolica. 

My definition of Majolica is, therefore, pottery in which the 
body, of colored clay, is concealed by an enamel. If any potter 
should be so foolish as to pay for white clay and then cover it with 
an enamel, he would still be making Majolica. | 

With Faience, the case is not nearly so clear. The word is 
derived from Faenza, a town in Italy, where pottery was made as 
far back as 1300 A. D. Now, unfortunately, this pottery was 
technically identical with Italian Majolica and so the word was 
also used, meaning this ware, and is so used today. If Majolica 
clearly defines the class of ware of which we have been speaking, 
why confuse ourselves by also calling it Faience, especially as these 
names in this case are absolutely identical in meaning. Is it not 
better to let Faience’ stand for a distinct group of its own? 

With this in view, I define Faience as pottery in which the 
colored clay body is covered by a transparent glaze. The Faience 
potter may use a highly colored clay, as in yellow ware, or he may 
use clays closely approximating white, as in Rookwood, but he 
always glazes it and never enamels it. Here some might claim 
that ware, such as Rookwood, could not be called Faience, as it 
conceals the clay color proper with colored clay slips. But the 
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distinction I draw is in the use of an enamel or a glaze, and 
Rookwood uses glaze and is, therefore, a Faience. If you care to 
make white glazed brick, you can either make Majolica brick or 
Faience brick. If you cover your clay with white enamel you will 
make Majolica brick, while if you give a white slip face to your 
clay and then use clear glaze you will make Faience brick. 

In the two definitions I have given you, you will note that 
both have colored clay bodies. In the case of Majolica, I explained 
that a white body would never be used, as it would not pay to hide 
the fact if you were paying for such good clay. In the case of 
Faience I say colored body, because here, when absolutely pure 
white is used, I consider that we have passed out of Faience en- 
tirely and are now making either china or porcelain. 

One of the main objects of this classification is to give a better 
understanding of the possibilities of decoration in the two classes. 
Pottery decoration I divide into four clases: 

First. Modeling or incising the clay body. 

Second. Coloring the clay body before or after firing. 

Third. Coloring the glaze or enamel. 

Fourth. Coloring on the glaze or enamel. 


We see at once with our definition of Faience that all classes 
of decoration can be used either separately or combined, as desired, 
while with our definition of Majolica, we see that the great second 
class cannot be used. This second class, that of applying cclor to 
the body, includes, first, the use of the color natural to the clay, 
as in yellow ware; second, applying colored slips; third, all print or 
transfer work; in short, what we understand as underglaze decora- 
tion, all of which would, of course, be valueless under an enamel. 
So that Faience stands for underglaze decoration, while for our 
main decorative effect in Majolica we are driven to the fourth 
class, that of color on the glaze, or as it is generally known, over- 
glaze decoration. 

In these two great pottery groups I know of no better exam- 
ples that the Italian Majolica and the Rookwood Faience. I think 
you will agree with me that it would be as well to call a German 
a Chinaman as to call both of these wares Majolica or both 
Faience, or to say that ware with an opaque enamel and overglaze 
decoration was the same as ware with a clear glaze and underglaze 
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decoration. Let me, therefore, repeat my definitions, which I trust 
may meet with the approval of the society. 

Faience is pottery in which the colored clay body is covered 
with a clear glaze. 

Majolica is pottery in which the colored clay body is concealed 
with an opaque enamel. 


DISCUSSION. 


Professor Charles F. Binns: In the modern nomenclature, 
I agree entirely with Mr. Burt. He is correct in his statement 
that faience was derived from the town “Faenza” in Italy, where 
this class of ware was made, and from whence it was introduced 
and for a time confined to the town “Nevers” in France, where it 
was made in a little pottery and the ware called “faience.” In 
majolica there is also a contradiction of terms, because the name 
is not derived strictly from the Italian, but from the Spanish. For 
these reasons, we must depart from historical associations and 
establish just what we mean. In this connection, I would like to 
appeal for a correction in spelling and pronunciation. I think we 
should spell “majolica” “m-a,i- as we pronounce it. I think we 
should sepell “faience” “f-a-y-e-n-c-e” and so pronounce it. I 
think it is more in accord with modern methods. Mr. Burt is per- 
fectly right in his definitions. They raise another point, however. 
I suppose it was meant to apply the terms to decorative ware, but 
I presume yellowware bowls would, technically, belong to the same 
class. J should not apply the definitions to these things, however, 
but rather to decorative pottery or art ware, rather than to table 
and utilitarian ware. 

Mr. Burt: I think according to my quotation from Mr. Deck, 
the French, who are the main users of the word faience—“fayence,” 
use it to cover all classes of ware havmg an earthy fracture. He 
speaks of them all as faience. 

Mr. 8S. Geijsbeek: The paper of Mr. Burt is a very excellent 
one and gives opportunity for this Society to express its sentiment 
and change something which is wrong in the public mind. I think 
this society should by resolution adopt Mr. Burt’s definitions of 
faience and majolica. I move that. 

Mr. Burt: We can at least say “glaze”? when we mean it, and 
say “enamel” when we mean enamel. When we talk about a “white 
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glazed brick,” heavens know whether we mean a white enamel, a 
white glaze over a white brick, or what not. We can agree that 
when we mean a glazed brick, or an enamel brick, we will say it. 
Today we don’t know. 

Professor Binns: Mr. Geijsbeek suggests that we should put 
the matter before the public. I do not think we have any status 
from which to dictate to the public on such a matter as this. In 
regard to the definitions of glaze and enamel, we look to the French 
for many definitions, for they are proverbially accurate. They use 
three terms for glaze, viz., converte, a porcelain glaze; vernis, repre- 
senting the true earthenware glaze; and emaile or enamel. 

I think we should be all right in the definitions proposed, if it 
were not for the troublesome matt glazes. We can define glaze as 
transparent and enamel as opaque, but where are you going to put 
the matt glaze? (For myself, I am quite content with the broad 
definition—the enamel is opaque and the glaze transparent.) Not- 
withstanding that, it is possible to have a transparent enamel and 
an opaque glaze. 

Professor Orton: Where the transparent enamel comes in? 

Professor Binns: In majolica colors. Suppose we take ma- 
jolica glaze, rendered green with oxide of copper; we have a trans- 
parent green color. 

Professor Orton: If it is transparent it is still a glaze, but if 
the amount of copper passes a certain point, it becomes matt, and 
we then have an enamel. 


Professor Binns: Then we have both majolica and faience in 
one. 


Professor Wheeler: (Addressing Mr. Burt.) Do you class 
your matt goods as majolica or faience. 

Mr. Burt: We class them as faience. We don’t make an ab- 
solutely opaque matt. 

Professor Wheeler: Do you call Mr. Gates’ green “Teco” 
ware also faience ? 

Mr. Burt: Undoubtedly. 

Professor Wheeler: The Society is indebted to Mr. Burt for 
bringing this matter up. To say the least, it is a matter about 
which the average laymen and most technologists are very foggy. 
He has brought out distinctions which will at least be recognized 
by technologists, and possibly by the laymen. But this classifica- 
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tion at best is imperfect, and just where to draw the line is difficult 
to tell. 

In regard to Mr. Geijbeek’s motion, I hardly think this So- 
ciety is in position to attempt to dictate to the public at large how 
these subjects should be classified. The fact that a paper was read 
and discussed might have some influence, but I do not think that 
a resolution would add weight. 

But while we are on definitions, I want to bring up what is 
meant by term “ceramics.” The question has been brought up re- 
cently as to what is the definition of that term. There is certainly 
quite a wide difference of opinion in the minds of laymen, and pos- 
sibly this society has already committed itself in making this broad 
term known outside of the limits usually recognized as covered by 
the term “ceramics.’ 

The average layman thinks it simply applies to pottery and is 
rather inclined to fortify himself by citing the fact that nearly all 
ceramic societies not only use the hard sound, and pronounce the 
work “keramic,” and further quotes the Greek word “keramos’” as 
its derivation. This is rather a rather broad term meaning pottery, 
potters’ clay or earth. But the word ceramics is not derived from 
keramos, but from kerameous, an adjective meaning “of clay,” or 
“earthen,” and I think from that word the Society has a perfect 
right to apply the term to all clay-work, whether of the potter’s 
wheel or the brick-yard. 

I think the majority of people connected with the clay industry 
now use the term in that sense. I think the public at large have 
not yet grasped it, but we can afford to be patient. But there now 
seems a tendency to make this term ceramics also include the ce- 
ments and glasses. It is true from a chemical standpoint there is 
a marked similarity in composition between cements and clay- 
wares, but I think it would be unfortunate to make our well-de- 
fined term cover this other product. 

When you take up glass, the relationship with clay products. 
perhaps, is not quite so distant as with cements, still there is a 
radical difference in the technology, tho we are dealing with a 
silicate industry in both cases. It is also true that the higher 
grades of ceramic goods very commonly rely upon the glasses for 
getting decorative effects, whether in enamel or glaze. But if the 
glasses are included in the field of ceramics I do not see how we 
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are to avoid including the metallurgical products also, for where 
the glass and cement produce one ton of silicates, I think the 
metallurgists produce ten tons of silicates, which are very closely 
related chemically to the glases and cements. ‘The silicates pro- 
duced by the metallurgist are by-products, and not the principal 
production, but in many respects these by-products are far more 
important commercially than some kinds of clay products. 


But if we insist that ceramics should cover all the silicate 
industries, it seems to me we are going to entrench upon the pro- 
fession of the metallurgist. So, as the lesser of two evils, I feel 
personally inclined to think we had better adhere to the less broad 
view of the term ceramics, by applying it exclusively to clay wares. 


However, I do not want to narrow the work of the society. 
When this organization was started, a tremendous effort was made 
by some of us to start it out as a technological society, to take in 
not only these industries, but also all of applied chemistry. I 
think there is a gread need in this country for a society covering the 
whole field of applhed chemistry, and it would be well if we could 
get together an organization like the Ameriean Society for the Ad- 
vancement of Science, a large association of about twelve chapters. 
But when we organized the time was ripe for a ceramic society, but 
not for the larger idea and I think we must hope that our work will 
broaden until we eventually get there. I hope our society will 
continue to grow and broaden, but I would like to hear the meaning 
of the word “ceramics” threshed out by the society. I would like 
to hear Professor Orton on that. 


Professor Orton: I think my views are pretty well known 
on this topic already. I have been waiting to hear other speakers. 
Professor Wheeler will recall the discussion which was had at the 
time of the inception of this society, and while the committee on 
constitution was laboring to prepare something to present to the 
body soon to be called together. We discussed quite carefully the 
name which should be given to the organization. At that time, I 
entertained much the same views as I do now as to the relation of 
these three great silicate industries. We debated as to whether 
we should not call ourselves the American Silicate Society, rather 
than the American Ceramic Society. But, this name did not meet 
with the favor of the three men who composed the committee, and 
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the name was made “ceramic,” but no attempt was made at a 
definition at that time. 

At the time of organization, we talked about taking up work 
in all three of the great silicate industries. I refer you to our 
transactions, to see how far we have done so. We have had several 
papers on the cement industries, but only one on the glasses; how- 
ever, I do not despair of getting the glass chemists interested ulti- 
mately. So far they are chiefly interested on the mechanical side. 
Glasses can vary a good deal in proportions, and still make a pretty 
good article. 

The minute you go into the accurate study of glass to find 
what can be done, you get into as wide a field as the clay industry. 
The researches of Dr. Schott is Jena justify that statement. I 
think our constant effort should be to bring all these lines into 
our programs. I fully appreciate the embarassment which has 
arisen in the popular mind in regard to the meaning of the word 
“ceramics.” Some have taken the stand that we cannot sharply 
limit our field to that occupied by these three great industries: 
that they all overlap, and have much in common. 

We have even had in this society a paper on a metallurgical 
subject, viz.: “On the formation of slag silicates” and showed how 
closely work in that field was paralleling our own. There is a dif- 
ference, however; the metallurgist produces slags or silicates to 
separate the earthy material from his metal, while in ceramics the 
silicate is the end in view, and is not a bi-product. The metal- 
lurgist, the ceramist and chemical engineer are all equally inter- 
ested on the subject of fuels, and the laws governing their use. It 
is now taught chiefly as a metallurgical subject, but I don’t know 
why the metallurgist should have exclusive claim to it. 

In the Ohio State University, we have organized the work in 
Applied Chemistry into three parallel courses, each leading to a 
degree. First, the course in metallurgy, covering the extraction 
of metals from their ores. Second, the course in ceramics, cover- 
ing the technology of the silicate industries, claywares, glass and 
cement. Third, chemical engineering, covering the manufacture 
of all other products of a chemical nature not included in the two 
preceding. 

In the department of ceramics, the greatest attention has been 
devoted so far to claywares, but we now have a course in the tech- 
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nology of cements, including laboratory work in their manutacture 
and testing, which so far as I am aware is not yet duplicated else- 
where in the country. We have not yet offered a similar course in 
the technology of the glass industry, but we have a man, Mr. Purdy, 
who is preparing himself to take up that line and as soon as he is 
ready, we expect. to give every student in Ceramics the option of 
these three lines in his senior year. 

I realize that the organization of the university’s work repre- 
sents principally my own conceptions of the field, but the work of 
the American Ceramic Society is the product of many minds and 
its policy represents the expression of the highest authority on 
the subject in this country, possibly in any country. Hence, I take 
great pride in the fact that, so far, the work and literature of the 
society has been on the broad and catholic basis, and I hope it may 
continue to broaden, as Prof. Wheeler suggests, rather than to con- 
centrate unduly on any one subdivision of the field. 

In confirmation of the attitude taken by Ceramic Society I 
might add that there is excellent precedent for it abroad. The 
literature on ceramic subjects in Germany is published chiefly 
through the Thonindustrie Zeitung Sprechsaal, Deutscher Topfer 
und Zeigler Zeitung and a few other sources. These societies col- 
lectively represent the clayware, glass, lime and cement industries 
and they divide it up to suit their convenience. One of them began 
as a clayworkers journal and is now the world’s chief authority on 
Portland cement; another is a potters’ journal, but is very good, 
also, on glass, ete. 

There is no society called the German Ceramic Society, and 
no one organization occupying our exact field. The one which 
comes closest to it is, perhaps Der Deutsche Verein ftir Fabrikation 
Thonwaaren, Kalk und Cement. 

If the society thinks it wise, we might change our name to 
the “American Society for the Study of Clay Wares, Limes, Ce- 
ments and Glass.” 

Professor Wheeler: J did not want to bring up a change of 
name of the society. I think under our name we can do anything 
we want to. I think it is well to encourage the cement people to 
come here; we can help them and they help us. There may come 
a time when we will have to form branches covering the various 
subjects, and when that time arrives we can take it up. My object 
was merely to bring out a discussion as to the meaning of the word 
“ceramics,” the name of our society. 


HEAT CONDUCTIVITY OF REFRACTORY CLAYS. 


BY 
H. A. WHEELER, HE. M., St. Louis, Mo. 


In the manufacture of refractory ware, the primary requisite 
is to obtain a body that will retain its shape and carry its burden 
without deformation from softening or fusing. Where only a 
“dry” heat has to be withstood, as in kilns for clay wares, lime- 
kilns, heating and enameling furnaces, regenerators, hot-blast 
stoves, copper and iron roasters, coke ovens, etc., the physical abil- 
ity to successfully withstand the heat is the principle requisite of 
a fire brick. Where a “wet? heat or the corrosive action of slags 
has also to be withstood, as in blast furnaces for iron, copper and 
lead, lead roasters, open-hearth furnaces, converters for steel or 
copper, puddling furnaces, glass tanks, cement kilns, gas-pro- 
ducers, fire-boxes, etc., the chemical composition of the body is very 
important, and should be given quite as much attention as the 
physical ability to merely withstand the heat. In all these applica- 
tions of fire brick the factor of heat conductivity is of subordinate 
importance, though the less the rate of heat conductivity, the less 
will be the loss of heat and hence the more economical in fuel, a 
matter that is rarely, if ever, considered by either the manufacturer 
or consumer. 

There is another class of refractory goods where heat con- 
ductivity is of great and fundamental importance, as in retorts 
for gas making, zinc smelting and assayers; crucibles for assayers, 
melting steel, brass, and alloys; glass pots, and saggers. In these 
applications the ability to rapidly transmit heat adds greatly to the 
value of the clay, and in some cases is the most important com- 
mercial factor, though the writer is unaware of its importance be- 
ing appreciated by the fire brick manufacturer. If two retorts of 
equal refractory value have a marked difference in their ability 
to transmit heat, the better conductor will accomplish the result in 
less time, and be that much more valuable in increasing the output 
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for the same investment over the poorer conductor of heat. In 
some instances this saving in time, and, therefore, enlargement of 
the output, would make the better heat conducting clay worth sev- 
eral times the value of the poorer conductor. Some of the more 
advanced consumers are beginning to realize that mere life of a re- 
tort is of secondary importance compared with securing a larger 
output from the same plant. Yor one of the fundamental princi- 
ples of modern technical economy is in securing the maximum out- 
put from a given plant, as this saves in the labor, fuel, interest and 
fixed charges. 

Even in the application of clays to structural purposes and 
domestic goods, the heat conductivity is a factor that adds or de- 
tracts from its desirableness, and in the great majority of such 
applications the poorer the conductivity the more desirable the clay, 
other things being equal. But it is in retorts, crucibles, glass pots 
and saggers that heat conductivity will be of the greatest import- 
ance, and there the output or expenses in operating a large plant 
may be considerably influenced by a proper selection of suitable 
clays. 

The writer is unaware of any studies having been made on the 
heat conductivity of clays beyond the broad physical statement that 
they are relatively poor conductors. So when recently consulted 
by a clhent for advice as to the relative heating value of different 
makes of gas retorts, it was evident that experiments would have 
to be made on original lines in order to give specific working values. 

The inquirer had observed marked differences in the speed 
with which different makes of retorts worked off their charges, and 
to determine whether it was due to the clay or to the method of 
making up the retorts or to the design of the furnace the following 
experiments were made. 

Samples were requested from the manufacturers of gas re- 
torts, who were asked to furnish slabs from fresh, clean retorts 
that represented (a) a normal burn, (b) an over-burn, and (c) an 
under-burn. Four different factories responded, but with one ex- 
ception, there was no appreciable difference in the samples fur- 
nished from a normal burn, which is intentionally made soft, to 
enable the retort to withstand the violent changes in tempera- 
ture to which it is exposed in the act of charging, when fresh 
coal that is often wet and icy in winter, is suddenly thrown into 
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the red hot retort. These samples were supposed to be three inches 
thick, and the difference makes are designated as “W,” “X,” “Y” 
and “Z.” 


The samples were trimmed down to 614x814 inches, except 
“W,” of which only one sample was furnished, and it was 4x8. 
This undersize was very unfortunate, as it prevented direct com- 
parisons being made with the other samples, though its value could 
be approximated by correction. 


Sample “W” is convex, and, therefore, from the sides or top 
of the retort. The body is rather tender, porous, and soft burned. 
It contains considerable grog, perhaps thirty per cent. or so, which 
is coarse, and consists of mostly pre-burned clay with some coarse 
quartz sand. The inside is glazed with a transparent film of glass 
(to reduce gas leakage). 


Sample ““X” comprised four specimens that were all well 
burned, strong, and contained, perhaps, twenty-five per cent. or so 
of grog. The grog consisted of pre-burned clay and was rather 
fine, except in No. 1, in which it was very coarse. 


Samples Nos. 1, 2 and 3 were flat or from the bottom of the 
retort, while No. 4 was convex, or from the sides or top. 


Sample “Y” consisted of three specimens that were all flat or 
from the bottom, and were very similar in texture. The body was 
very tender, porous, and soft burned. The percentage of grog was 
very heavy, or, perhaps, fifty per cent. or so, rather coarse, and 
mainly consisted of pre-burned clay, with some coarse quartz sand. 
The inside was smeared with a brown slip (to reduce gas leakage.) 

Sample “Z” consisted of three specimens, two being flat and 
one convex. They were similar in texture, rather porous, rather 
strong, and fairly well burned. The percentage of grog was large 
or about thirty-five per cent of medium size, and consisted of pre- 
burned clay. ; 

The samples not only differed in thickness, but were found to 
vary 2-100 inches to 10-100 inches in thickness, as determined by 
calipers, in different portions of the same specimen, and the thick- 
ness subsequently given was the average at the place tested. As gas 
retorts are poor conductors of heat, the thickness is a very import- 
ant factor, as increase in thickness produces an increase in the re- 
sistance to heat transmission. 
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While this is a theoretical premise, it is well borne out in 
actual results. 


The samples that were convex give somewhat better results 
than flat samples of the same material. This is due to a slight con- 
centration of the heat produced by the convexity, and a similar 
benefit would be obtained in actual practice. There were sufficient 
flat specimens, however, to obtain satisfactory comparisons of the 
different samples, without having to consider this slight benefit due 
to convexity. 


Method of Testing : 


After considerable experimenting to determine a method that 
would correspond as nearly as possible to the working conditions, 
and which could be controlled so as to give uniform conditions, the 
following method was employed. 

A small rectangular brick furnace was built that was 714 
inches high, 814 inches deep, and six inches wide in the clear. 
The side walls were four inches thick, and 14-inch thick asbestos 
boarding was used for the front and back walls. The specimen was 
set across the top of this furnace, leaving a 1x6 inch slot each side 
for the escape of the gases. The underside of the specimen was 
heated to a bright red heat by a special Bunsen gas burner placed in 
the furnace, and the temperature of the top or opposite side wag 
taken every ten minutes with high grade thermometer (Green), 
the bulb of which was covered with steel filings ,to ensure a good 
contact. The entire top of the specimen, including the thermom- 
eter, was covered with eight thicknesses of heavy asbestos cloth, 
which aggregated 114 inches in thickness, to prevent radiation. 

A double shield of white asbestos board was set on the stem of 
the burner, to reflect the heat back onto the specimen, and the fur- 
nace was kept continuously hot. With these conditions duplicates 
checked satisfactorily. 

The temperature was read every ten minutes from the time 
the specimen was set on top of the furnace until it had nearly at- 
tained its maximum temperature. Starting with atmospheric tem- 
perature or 74 to 82 degrees F., it was found that the increase in 
heat shown by the thermometer, or the rate of transmission through 
the specimen, with the underside at a bright red heat (or about: 
1400 degrees F.), was very slow for the first ten minutes, in fact, 
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no increase with the “Z” series. It was less slow for the next ten 
to fifteen minutes, and after twenty minutes, the increase in heat or 
the rate of transmission, was very uniform and regular in every 
case for about an hour thereafter. This rate of increase practically 
follows a straight line, as shown in the accompanying diagrams. 
These charts give the information as to the time heated and tem- 
peratures obtained, in which the ordinate or vertical ranges are the 
temperatures, and the abscissae or horizontal ranges are the times. 
From thence the rate of transmission was less rapid as the top be- 
came hotter, until in three hours the top has become nearly as hot 
as it could be made by this outfit, and the curve became nearly 
flat. The curves became flat or horizontal when the heat was con- 
tinued for about an hour longer or about four hours in all, though 
this is not shown in the the charts. 


The curves show (for the same size samples) a most striking 
similarity and a very marked regularity, considering that there is 
more or less variation in the thickness of each sample, in the tex- 
ture from air-cavaties and lack of uniformity in mixing the grog. 
and some inequality in size, as the blocks were hand-trimmed with 
a chisel. They show, after ten to twenty minutes heating, a very 
regular absorption of the heat with only a moderate amount of 
radiation for one to one and a half hours, or to a temperature of 
four hundred to four hundred fifty degrees F., after this the radia- 
tion increases, with a consequent decrease equal to the absorption of 
heat, when the temperature becomes stationary and the curve be- 
comes flat, as the sample has attained its maximum temperature. 


Discussion of the Results. 


A study of the curves shows a marked difference in the heat 
conductivity rate of each group or make of samples, as well as 
between different specimens from the same manufacturer. 

The sample “W,” of which only one specimen was furnished, 
must be eliminated in the comparisons with the other samples, as it 
had about forty per cent. less volume, and, hence, would heat up 
very much quicker for the same quantity of heat. 

By experimenting on a similar narrow specimen of one of the 
other samples, it was found to increase its heat conductivity rate in 
about the same ratio as its volume was diminished. By correcting 
from this basis, and again correcting for its convexity and thick- 
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ness, it seems probably that the “W” sample would be equivalent, 
if flat and of the same thickness, to specimen “Y” 3, and this “W” 
sample will not be further Aine 

Before considering the individual rate of heat conductivity of 
each clay, there are other physical factors entering the different 
specimens from the same clay or factory. These physical factors 
are: Thickness, Specific Gravity, Porosity, Grog, and Shape, and 
their value in the specimens tested is shown in the following table: 


Table of Physical Factors. 

















i Q 4 Per cent 
’ Th Specifi , 

Specimen 08 ied Cras Deccinoh jf ta inches. || \Graeity. || aga hours | Sito oat sas hua ce Ate A Hardness Grog. Shape. 
1-X 2.78 2.48 8.3 6 low flat 
2-X 3.11 2.42 8.5 5 low flat 
3-X 3.19 2.41 8.0 5 low fiat 
i daaaeat RTC Wien c /BR 8.15 2.37 ied i) low flat 
1-Y 3.35 2.27 3 very cg il gee St eee a flat 
2-Y 3.17 2.30 3 very high flat 
3-Y 3.25 2.30 3 very high flat 
2- 3.32 2.34 4 very low flat 
3-Z 3.04 2.35 3146 | very high convex 

~ 3.36 2.41 416 | very high convex 
W 2.78 ow [as | ase | 19 2.26 11.9 4 Se Abe high convex 














Thickness—The factor of thickness is very important, as is 
well shown in Nos. 1, 2 and 3 of the “X” series, in which the 
other physical factors are so nearly alike as to make these an ex- 
cellent comparison of its value. For the same reason, Nos. 1, 2 
and 3 of the “Y” series clearly show its bearing and value. The 
results of all the tests made show that the heat conductivity rate 
varies inversely as the thickness, or the thinner the retort, the more 
rapidly it will work off its charge. Of course, there is a limit in 
practically applying this, as the breakage will become too great if 
made too thin, and it will require intelligently directed experience 
to determine how thin a retort can be made to withstand ordinary 
usage, in order to increase its efficiency. A decrease of ten or 
fifteen in thickness, at least in such strong clays as “X” and possi 
bly “Z,” could probably be safely made, and thus improve their 
value ten to fifteen per cent. 
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- Specific Gravity—As a broad rule in physics, an increase in 
specific gravity increases the thermal rate of conductivity. A study 
of the data, in which there is only a moderate variation in the spe- 
cific gravity, does not show any marked bearing, and as this factor 
also reappears in the individuality of the clay itself, it will not be 
farther discussed. 


Porosity—Another general rule in physics is that increase 
in porosity is best obtained by the increase in weight resulting 
from soaking in water. After testing the absorption by soaking in 
water from one hour to five days, it was found that if the dried 
sample was soaked twenty-four hours it gave satisfactory data as 
regards its porosity. 

As the porosity decreases the harder retorts are burned (and 
would be entirely eliminated if vitrified like glass) and as the 
hardness increased the harder a clay is burned, the hardness (as 
measured by Moh’s scale of hardness in which soft clay is one and 
the diamond is ten), was also determined to estimate the burning 
and consequently, to a considerable extent, the porosity. 


While a study of the data shows that the “X” series, which 
have decidedly the least porosity as measured by the low absorption 
and high hardness, are decidedly more efficient, still this factor. 
as a whole, shows only a small influence, and the data at hand is 
too meagre to estimate its value. Like the specific gravity, this 
factor will more strongly show in the clay itself and its treatment. 
so it will not be further discussed. 

Influence of Grog—The “grog” or non-shrinking material 
that is used in the body to reduce shrinkage and prevent cracking 
in drying and burning, and to also enable the retort to withstand 
the violent changes in temperature in charging, was found to vary 
greatly in kind and amount in the samples submitted. While the 
data indicates that an increase in grog decreases the heat con- 
ductivity, this is a matter that cannot be discussed from lack of 
information that the manufacturers decline to furnish. It is best 
considered in the individuality of the report, as each maker has 
his own ideas as to the quality and quantity of grog required to pro- 
duce the best retort. 

Shape-—A convex shape increases the thermal gradient, as 
shown by the tests and as indicated by theory. But as enough flat 
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or similar types were sent to make satisfactory comparisons, this 
will not be further considered. 

Heat Conductivity of Different Samples.—While the previous 
factors undoubtedly have some influence on the heat conductivity 
of fireclays, it is less than anticipated, and will require considera- 
ble additional work to determine. The main influence seems to be 
the individuality of the clay that makes up the body of the sam- 
ples, and this is shown in the following table. This table is pre- 
pared by taking off from the chart the different times it takes for 
each sample to attain a temperature of 400° F. For up to this 
point the rate of increase is very regular in all the samples and 
practically follows a straight line. 


Relative Conductivity of Heat in Attaining 400° F. 





























: ; h |Kel. tame 
Sample. | Shape. Sate ey bap oan pene Remarks. 
1-X | flat [2980 oS) a OO 
2-X | flat | 3.11 | 64% min. | 109 | 
3-X | flat Ly BRON TPZ Ae nat ine a ae ei 
4-X | convex | 3.15 | 62% min. | 106 | 
1-Y | flat [8285011 88.00 MOE nie e oi FER EIA os 
2-Y | flat ee ni RY ACheey een eR OE BA I Si dtl 
37Y | flat 1 cbse iit eo Moran aa i As Gh 
4eF, 0) fat 886 (AO) Cente a u“ 
2-Z | flat WO eer Setrann We Sane cb WS Pan WS) i 
BZ conver (8.040 ti 89\ i. Mabe) tas 7 


The additional comparison between W and a piece of 1-Y. 
cut down to approximately the same size, was made, in order to 
reach thus, indirectly, some idea of W’s value. 


Time to reach pathaly 
, " ick f time ’ 
Sample Shape Thickness 400° F. Caldue: Remarks 
tivity. 
W | | convex | 2.78 | 45 min. | 76 | Volume 40 per cent. less 


than previous samples. 


1-Ya | flat (8,88 i Sa mins verge) 


In the above two tables the relative time conductivity column 
is obtained by calling 1-X 100, and thus showing the increased 
time required for other samples to reach the same (400° F.) tem: 
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perature; thus X-2 requires 9% more time, X-3 23% more, etc.. 
while the smaller samples, W and 1-Y and “A,” heat up in 24% 
and 4% less time than 1-X. 

From this table, it will be seen that the three flat X samples 
require 100, 109 and 123 units of time to attain the same (400° 
F.) temperature, and that the respective thickness of these sam- 
ples are 2.78 inches, 3.11 inches and 3.19 inches. 

The three flat Y samples require 131, 136 and 149 units of 
time, and have a respective thickness of 3.17, 3.25 and 3.35 inches. 

The two flat Z samples require 178 and 190 units of time, 
and are respectively 3.23 and 3.36 inches thick. 

From these we see that increase in thickness requires more 
time to attain a given temperature in every case, and that probably 
the decreased rate of heat conductivity is inversely proportional to 
thickness, though more data is desirable. 


Relatwe Heat Conducting Value. 


Selecting samples from each of the three series, as nearly 
uniform in thickness as possible, we have the following compari- 
son: 


: el os Time Conductivity Corrected 
ih hi sabe atte Mame Conductivity. for thickness. 
3-X [ol Bite Ma aos eT RR in 
ay, | 3117 | 131 108 
eZ LON e Sea air aa cn mnt 


Hence retorts or crucibles made from the Y clay will require 
8% more time than if made of the X clay, and 40% more time if 
made from the Z clay. This latter saving would be so large in re- 
tort, crucible, glass-pot or sagger practice as to justify sending long 
distances for the X clay, to secure the economy in fuel, labor and 
interest and greatly increased output for the same investment that 
it would give over the Z clay. 


Resume. 


While these data are derived from gas retort material, they 
clearly bring out the marked variation that occurs in the heat con- 
ductivity of fire clays. It warrants careful investigation of this 
factor in several departments of ceramics,.as the intelligent use 
of this factor can at least secure decided economy in the operation 
and plant investment of gas works zinc smelters, steel and brass 
foundry-work, glass works, potteries, and assay laboratories, if not 
in several other fields. 
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DISCUSSION. 


Mr. Lemon Parker: In working at a temperature of twenty 
five hundred degrees, is it your opinion that the same rules would 
apply for rate of heat conduction as at 400 degrees? 

Professor Wheeler: While it is probable that the rate would 
hold, at least approximately, it is not safe to state this without 
making the actual experiment. 

Mr. Parker: Assuming four charges are made every day, 
and one retort in the bench is three inches thick, the other three 
and a yuarter; would the difference be very great between the 
3 inch and the 3% inch on four charges in a day? Would the 
difference in fuel consumed be material ? 

Professor Wheeler: It would be very decided; how much, 
would depend on the particular retorts. 

Mr. Parker: A number of years ago we were very busy, 
and allowed our mould to become worn so that it produced a 
retort shell three and a quarter inches thick. We furnished some 
of these thick retorts from it to a customer. Ever since that day, 
he has thrown it up to me that we never made as good retorts 
since; simply because the retort walls were thicker and lasted a 
little better than the average. He never complained of any 
difference in the fuel bill, but did say that those retorts were 
much better than any we made before or since. 


Mr. Bowman: You have taken into account the amount of 
grog, but would the size of grog make a difference? 


Professor Wheeler: The size of grog is shown by the 
porosity. That is why I have given the absorption column. With 
one exception the grog was coarse. 

? I am glad that Mr. Parker told the experience which he did. 
That has been the trouble—the users of gas retorts, and zine 
retorts, usually look solely at the life of the retort, and they want 
them made to give the longest life, without considering the real 
value or heat transference efficiency of the retort. This particu- 
lar party whom Mr. Parker quotes thought that particular retort 
was the best, because it had the longest life. If he had been wide 
awake and kept his books properly, he would probably have 
found it was the most costly retort he ever had, even though it 
lasted fifty percent longer. What I have tried to bring out is, 
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that so far as efficiency for accomplishing the work required is 
concerned, the thinner the retort the better for rapidly securing 
the transference of heat, which is the object desired. Practically, 
they cannot be made as thin as heat transference requires, as 
they would break too readily from mechanical abuse. The 
question is, what thickness to make the retort to get rapid heat 
transference or high conductivity, with a reasonable strength to 
withstand normal usage. If too thick, we lose in capacity and 
waste fuel, while if too thin, the breakage becomes excessive. 

Mr. Bowman: I will ask Professor Wheeler if he considers 
that after a retort is once heated, the conductivity is of the same 
importance in maintaining that heat? In other words, does it 
require more fuel to maintain heat in a retort with thicker walls, 
er is it only on the first start in heating up the retort that more 
fuel is required? 

Professor Wheeler: The retort is charged with coal, and 
you must pour heat into the charge to raise the temperature to 
the point where the coal distills, and then you must keep pouring 
it in to keep the charge up to that temperature, as the process 
of distillation continuously absorbs heat. 

Mr. Bowman: In case of a saggar there is no distillation 
inside. 

Professor Wheeler: The ticker the saggar, the more time 
it takes to reach the proper temperature inside, and therefore the 
thicker the saggar, the more fuel it will take, as the consumption 
of fuel increases as the time increases. 

Professor Chas. F. Binns: If the heat has to pass through 
the saggar walls, the thicker those walls the less will go through 
and the more will pass up the stack without going through the 
saggar walls. But there is more in this than reaches the eye. 
Professor Wheeler makes a bold and broad assertion. It is per- 
fectly true that the fracture of saggars is more evident to the 
eye of the manufacturer than the consumption of coal, but I 
don’t regard it as proven by these statements that the saving of 
fuel advocated would be necessarily less expensive. I do not | 
think the statement is correct, that the porosity of a piece shows 
the size of grog, or vice versa. The nature of the grog has much 
to do with it. If you use a vitreous grog you do not get as high 
porosity, whatever the size. The burning of the grog has much 
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influence on the porosity of the resulting piece. It seems there 
is a point there with reference to the conductivity of very porous 
clay. It seems as though the conductivity is governed entirely 
by the presence of air in the cells. In a porous piece of clay ware, 
it is charged with air and affects the conductivity of the sub- 
stance. If that is so, the problem is to produce a saggar of 
greater density that will stand sudden changes of temperature. 
But if you make a vitrified saggar, your rubbish pile will grow. 

Mr. Gates: Unquestionably, as soon as you make a body 
porous, i. e., full of air cells, non-conductivity ensues. A 
very porous tile seems to be almost a non-conductor. I have 
considered the possibility of getting a body which was not at all 
porous, and which would still stand heating and cooling. I have 
experimented with clays which were not porous to secure such a 
material, which would still not perish quickly in rapid changes 
of heat and cold. The ordinary porcelain evaporating dish 
illustrates what we want, but is not feasible in large ware. 

Professor Binns: I think it is largely a condition of pro- 
ducing an amorphous silicate. They are making porcelain 
muffles in Germany which can be put in a furnace as long as 
you like and will not crack. They are used by decorators of 
porcelain. They seem to be ever-lasting. It is purely a question 
of the chemical condition of the clay, and the chemical composi- 
tion of the ware. 

Professor Wheeler: Mr. Gates brought up the question of 
the evaporating dish. The Meissen porcelain crucibles that 
chemists use are only 1-20 to 1-5 inch in thickness, yet they are 
rapidly subjected by means of a blast lamp to temperatures as 
high as 2800°F. They are made of true porcelain, and hence 
have a vitrified body. The speed of transmission of heat is re- 
markable, as in five minutes the bottom of the crucible can be 
raised from a temperature of 70° to 2800°F, and yet without 
eracking. 

Mr. Hull: According to Professor Wheeler, these retorts 
are not cooled down after one charge is taken out, but the tem- 
perature is maintained as nearly as possible. Therefore no time 
is lost in re-heating. In his experiments it is a case of starting 
with a cold slab and heating it. In actual practice we start with 
a hot slab, and it is simply a question of delivering so many 


136 HEAT CONDUCTIVITY OF REFRACTORY CLAYS. 


calories. With a difference in temperature between the outside 
and the inside, the speed of transmission would be so much for 
a given thickness, and for an increase in thickness it would be 
necessary in order to get the same rate of transmission to main- 
tain a higher temperature on the outside. The number of calories 
consumed by the coal in destructive distillation is the same, so 
there is no loss of heat units in transmitting this heat through 
the thicker wall. The practical loss would come in from the 
necessity of maintaining a higher temperature on the outside, 
and thereby losing more by external radiation, and the sensible 
heat of the gases going up the stack. But theoretically there is 
no loss of heat, consequently no loss of fuel, in the internal 
working of the furnace including the retort. 

Prof. Edward Orton, Jr.: The classification of the demands 
made on the different kinds of refractories has been put with 
ereat clearness by Professor Wheeler, and I regard it as a con- 
tribution of no small importance. I think, however, he does not 
establish an exact parallel between the saggar used in the pottery 
kiln, and the retort used for distillation in pyro-chemical work, 
where a large amount of work is to be done inside. In the case 
of the average saggar, the pyro-chcmical work carried on in it 
is comparatively small. The case of a saggar in which a certain 
amount of heat is necessary to reach a certain temperature and 
then it is cooled down, is different from the case of a retort where, 
after the working temperature is reached, a constant stream of 
heat must be maintained for hours, until cooled down by draw- 
ing and charging again. 

Professor Wheeler: J cannot understand what difference 
it makes to the man who pays the coal bill whether the heat is 
poured in to bring up the heat to a certain temperature or 
whether it is poured in to keep it up, if the time required is 
excessive from the walls being too thick or the clay having too 
low a rate of heat conductivity. In either case he has got to 
pour heat through the walls of the retort or saggar, and if the 
walls are thinner he will pour the heat through more rapidly, | 
and hence take less time and therefore less fuel. The co-efficient 
of heat-conductivity must be taken into account as in the case 
of the friction of pouring water through a pipe. A smooth pipe, 
lined with glass, will conduct more water than a rough, wooden 
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pipe of the same diameter. A kiln filled with saggars made from 
clay X can be burned off in 10 to 30 percent less time, and there- 
fore with a coal and kiln labor saving of 10 to 30 percent, if the 
clay X has a heat conductivity of 10 to 30 percent greater than 
clays Y or Z. 

Professor Binns is perfectly right in saying this is a pre- 
liminary investigation that should be followed up by much more 
work, as it is a pioneer contribution in this field. Unquestionably 
if followed up we will find a great range in relative heat con- 
ductivity not only in different clays but in different clay mix- 
tures. 

Professor Binns: Professor Wheeler is right as to the con- 
ductivity of saggar walls, but it will take much to convince the 
manufacturer who is paving the roads of his neighborhood with 
fractured saggars of the merit of thin walls in the saving of coal. 

Mr. Hull: Professor Wheeler’s illustration of the water 
pipe is a good analogy. Suppose one pipe has more friction than 
another, the size of the pipe is the same, and it is thought con- 
venient to maintain a greater head of water in the pipe of greater 
friction. The quantity of water delivered would be the same in 
one case as in the other and no water wasted. The head of water 
in the water pipe corresponds with the temperature on the outside 
of the muffle, and if the temperature can be conveniently main- 
tained higher in proportion to the increased thickness of the wall, 
the difficulty is met and the objection overcome. The heat re- 
quired and heat.consumed in either case is the same. 

Professor Wheeler: That is a correct criticism.  (Illus- 
trates on blackboard). If we have a temperature of two thous- 
and degrees on the outside and one thousand on the inside of a 
retort, no matter how poor the conductor is, the two thousand 
degrees will travel and finally get through into the retort. 
Whether it does so quickly or slowly, there is no loss of heat 
per se. But the percentage of the heat generated which goes 
through and performs this work is small, as by far larger part of 
the heat value of the coal goes up the stack instead of through the 
retort. That is where the loss is in both heat and time. If you 
will recall the fact that the steam engine only uses two to seven 
percent of the fuel value of the coal, and the boiler where the 
heat is carried entirely under, through, and often over the boiler, 
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only takes up forty to seventy percent of the heat units in the 
coal, you can perhaps form a relative idea of what a small pro- 
portion of the heat of the coal goes into useful work, and what a 
relatively large proportion goes up the stack, whether you are 
distilling coal in a retort or heating clay goods in the saggar. 
Therefore, the quicker a retort or saggar can be heated up and 
the more rapidly the work can be performed, the less the time in 
which the heavy stack loss can occur, therefore the greater the 
economy. 

Ur. Hull: Would the charge be worked off quicker in the 
one case which I cited than in the other? 

Professor Wheeler: Certainly. 

Mr. Hull: Is your muffle cooled in the meantime? 

Professor Wheeler: It is immaterial; if you get the heat 
into the retort or saggar more rapidly, you ean finish your charge 
sooner, and consequently not only decrease the fuel loss, but also 
increase the output of the plant. 

Mr. Hull: If the heat is maintained on the inside con- 
stantly, where is the loss of temperature and where does the 
difference in quickness come in? 

Professor Wheeler: In this particular instance (referring 
to table on board) in the case of sample ‘‘1-X,’’ we have the 
relative time conductivity given as 100; (reading) ‘‘2-X, 109; 
3-X, 123; 4-X, 106,’’ ete. There is the difference. 

Mr. Hull: Is that a parallel case? Weren’t you starting 
with cold pieces of material and getting your heat through? I 
maintain your time was taken up in getting the first heat unit 
through. In the other case your coal would be distilled in the 
same time no matter what the thickness of the wall of retort, 
providing your internal temperature was maintained. 

Mr. Watts: Don’t those figures (referring to figures under 
heading ‘‘Time to reach 400°F) 59 minutes, 64%, ete., represent 
the relative difficulty of the heat passing through? If that is the 
original resistance, that resistance certainly must be maintained 
all along. We know some materials conduct heat more rapidly 
than others, and I know a change of clay in our saggars made 
much difference. If that is the relative conductivity, then if you 
have one thousand degrees on the inside and two thousand on the 
outside, the resistance which that retort will exert will be indi- 
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cated not only by the fuel used but by the speed in which the 
material inside is acted upon. It seems to me there is really no 
argument there, but that the relative conductivity shown by 
these figures would be maintained straight through. I don’t see 
why the heat conductivity of a saggar, determined at a low 
temperature, should not remain substantially the same if deter- 
mined at a higher temperature. The heat certainly has to pass 
through, and after it reaches the maximum temperature and the 
heat remains steady, the relative resistance to its passage is going 
to continue just the same. I cannot see how it could be any 
other way. 

Professor Wheeler: The last speaker has the correct idea. 
Here are the facts as to thickness in the second column, and here 
the results as to time taken to reach 400°F in the next column. 
How will you explain it? To obtain this temperature it took 
these different times. To get there we had to heat these pieces 
09, 6414, ete. minutes. Therefore the relative heat conducting 
power of these particular clays vary in this ratio. What causes 
this difference in heat conductivity is a factor, or the personal 
equation, of each individual clay, and is one of its special pro- 
perties. It again brings out the fact so well known to every 
student in ceramics, that clays are like men in that no two are 
alike. 

Mr. Jeppson: In burning abrasive wheels, we must in 
order to get the grades of hardness that the wheels are made for, 
burn to very close limits. In one particular instance where we 
had trouble with overburning, a saggar with a thick wall was 
used. 

If the gentlemen interested will make three saggars, one 
with a 1 inch, one with a 2 inch, one with a 3 inch wall, and put 
a Seger cone in each one, subjezting them to the same heat for 
the same time, they will find three different temperatures regis- 
tered by the cones, that is, the cone in the saggar with the 
thickest wall will show the lowest temperature. 

I don’t know whether this experience has any bearing on the 
theory which Prof. Wheeler has just advanced, but it would seem 
to prove that if the same temperature was desired in a thicker 
Saggar, that we would necessarily require a higher heat in the 
kiln chamber with the accompanying use of more fuel. 
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Mr. A. C. Higgins: I am interested in what Prof. Wheeler 
said about the difference between the convex and flat slabs, be- 
cause of various experiences we have had in making retort tubes 
built up of bricks. hese tubes were a part of a calciner which is 
used to drive off the water of combination from bauxite, this 
being one step in the process of making the abrasive Alundum. 
The caleiner is run continuously for a period of thirty to ninety 
days, fired with coal and kept as hot as possible. The retort 
tubes which are built up of fire brick in a fire chamber are kept 
red hot, and the bauxite is poured in at one end and discharged 
at the other when the calcining is completed. 

We made a considerable number of experiments to get the 
best shape for a brick, and we finally settled on a brick which is 
erescent in shape. The inside curvature is that of the inside of 
the retort tube, and the outside curvature is eccentric to the in- | 
side curvature, but of shorter radius. 

By this shape we greatly increased the outside surface, ex- 
posed to the heat over the plain curved brick, and also got a 
sort of lens effect, as the heat seemed to be concentrated from the 
outside surface toward the center of the tube. We believe we 
obtain greater economy in the use of the fuel by this means. At 
any rate we are calcining today with less fuel than before we used 
bricks of this construction. Moreover, repairs are much less 
than before, and the strength of the tube has been increased. 
The average thickness is very much less than we could maintain 
with the plain tube, for the wall of the retort is quite thin where 
the ends of the crescents adjoin. Also the top and bottom sur- 
faces of the bricks are exposed to the heat at thickest parts of 
the brick. 

The bricks are interlocked by means of corresponding lugs 
and depressions in their adjacent surfaces. 


THE REFRACTORINESS OF NEW JERSEY FIRE BRICK. 
BY 


HernricH Ries, Pu.D., * Ithaca, N. Y. 


Although much work has been done abroad in determining the 
refractoriness of fire brick, but few results have been published 
in this country. During a recent study of the New Jersey clays 
the writer had occasion to make a number of determinations of the 
refractoriness of New Jersey products, the results of which may be 
of interest to the society, and are presented here in somewhat ab- 
stract form, the full details appearing in a forthcoming report of 
the New Jersey Geological Survey. 

Historic statement.—The manufacture of fire brick represents 
one of the oldest branches of the clay-working industry in New 
Jersey, and is of more importance than is commonly imagined. 
The New Jersey clays were first used for fire-brick after the war of 
1812, and one of the earliest records, according to Dr. G. H. Cook 
shows that clay was taken from Woodbridge to Boston in 1816, and 
used for manufacturing fire brick. ‘The value of the clays of the 
Woodbridge district does not seem to have been widely recognized 
for some years, however, although in 1855 the statistics, given in 
the Report on Clays in 1878, show that clay for making 50,000,000 
fire-bricks was then being taken annually from the pits at Wood- 
bridge, Perth Amboy and South Amboy. 

Perhaps the oldest works in the State was that known as the 
Salamander works (no longer in existence), where brick were made 
as early as 1825. A little later, in 1836, John R. Watson, estab- 
lished a factory at Perth Amboy, and in 1868, Sayre & Fisher 
commenced making fire-brick at Sayreville. The works of W. H. 
Berry at Woodbridge began operations in 1845, and have continued 
up to the present day, although in 1896 the name was changed to 
J. E. Berry. 

Henry Maurer & Son established a fire-brick factory in 1865, 
and M. D. Valentine & Bro. in 1865. The latter were started for 
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making “bath-brick,” later sewer-pipe, and finally fire-brick and 
other refractory forms. A branch works located at Valentine on 
the Lehigh Valley Railroad was started in 1887. Other factories 
are in operation at Ostrander and Weber. Within the last three 
years several other firms have begun the manufacture of fire-brick, 
including the factories erected by the Mutton Hollow Fire Brick 
Company, and Anness & Potter at Woodbridge, and The Superior 
Fire Lining Co., at Trenton. 


In addition to those already mentioned several other firms have 
made fire brick from time to time, but the product does not repre- 
sent a regular item of production. 


Raw materials —The ray materials used are chiefly clays ob- 
tained from the several members of the Raritan formation, to which 
there is added a certain percentage of grog, consisting of ground 
fire-brick or quartz, and occasionally some of the material known 
as “feldspar.” The latter is not true feldspar, but a gravelly clay. 
containing pebbles of quartz, embedded in a mass of white clay, the 
latter derived chiefly from the decomposition of feldspar pebbles. 
which have decayed after being deposited with the quartz. | 


The fire-clays vary in their plasticity, tensile strength, fusibil- 
ity and composition, but the following few analyses will serve to 
show their range of composition and fusibility. : 
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1. No. 1 fire-clay, M. D. Valentine & Bro., Woodbridge. 
2. No. 1 fire-clay, Anness & Potter, Woodbridge. 

3. Top sandy clay, Anness & Potter, Woodbridge. 
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. Fire-mortar clay, Maurer & Son, Woodbridge. 
5. Ware-clay, W. H. Cutter, Woodbridge. (Not used in fire- 
brick.) 

6. No. 1 sandy clay, McHase Bros., Florida Grove. 

%. No. 1 blue fire-clay, J. R. Crossman, Burts Creek. 

In this table the second to ninth columns inclusive represent 
the determinations made in the ultimate analysis. A partial analy- | 
sis only, of some of the samples, was available, and in these cases 
the difference between the sum of the substances determined and 
one hundred was taken as representing the sum of lime, magnesia 
and alkalies. The clay base given in the tenth column was ob- 
tained by considering the alumina to be contained in kaolinite, and 
figuring the amount of silica necessary to unite with it, and adding 
the combined water to it; the total of the three then represents the 
clay base. The difference between the silica necessary to combine 
with alumina and form the clay base and the total silica, was con- 
sidered as representing the free silica. The eleventh column repre- 
sents the sum of the iron oxide lime, magnesia and alkalies. The 
last column gives the cone of fusion. 

In the case of the clays low in fluxing impurities, the fusing 
point agrees fairly well with the fusing point obtained by Seger for 
mixtures of kaolinite and silica. Several of these clays, notably 1. 
2 and 5 show a high refractoriness, but in the others the fusing 
point is lowered several cones, chiefly by the iron oxide and titan- 
ium present, as well as by a high silica percentage. 

Unfortunately, the clays of highest refractoriness exist in but 
limited quantities .and also are deficient in some of their physical 
qualities, which interferes with a large percentage of them being 
used in the fire brick. 

Method of Manufacture—The raw material are commonly 
tempered in ring-pits, but sometimes in pugmills, and then molded 
either by hand or machine, the latter being usually of the soften- 
mud type. In every case the brick is repressed and after repress- 
ing, they are commonly hacked up to dry and are then placed in 
the kilns. Hand or machine molded bricks are usually spread on 
brick drying-floors, warmed by flues passing underneath, and after 
remaining there a short time, are repressed. 

Most of the fire brick manufacturers burn their product in 
circular down-draft kilns, although one factory has a continuous 
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kiln, and a few works have rectangular kilns. A few of the fire- 
brick makers in New Jersey use cones in burning, but the majority 
do not. A number of cones were, therefore, distributed among the 
different fire-brick makers for placing in their kilns. From these, 
and those used regularly at some of the works it was found that 
the New Jersey fire-brick were usually burned at from cone 10 to 
cone 12. There is no reason to believe that those manufacturers 
whose kilns are not tested, burn at a much higher cone, although 
it is probable that in the hottest parts of the kiln a slightly higher 
cone may sometimes be melted. One manufacturer melted cone 16, 
by placing it opposite the opening from the hearth. 

The absorption of the New Jersey fire bricks ranges in most 
cases between 11% and 14%. One sample of stiff mud maufacture 
showed 5.37%, but other stiff mud bricks ran as high as 13.00%. 

Tests of New Jersey Fire Brick.—In order to test the refrac- 
toriness of the New Jersey fire-bricks and to determine its relation 
to their chemical composition and texture, samples of their differ- 
ent brands were requested from all the fire-brick manufacturers in 
the State. All except three readily agreed to the proposition and 
samples of the different brands were taken from the stock piles or 
kilns. The fusing point of the bricks was tested in the Deville 
furnace and a partial analysis made to determine the quantity of 
silica, alumina, ferric oxide, and titanium oxide, the balance being 
considered as lime, magnesia and alkalies. 

These tests are tabulated in the accompanying table. The 
various samples are indicated by number, the name of the manu- 
facturer not being published. 

Each column is properly headed, and needs no explanation ex- 
cept, perhaps, the last two. ‘The absorption represents the per- 
centage of water absorbed by the brick when soaked for forty-eight 
hours, and is, therefore, an indication of its porosity. The column 
headed “Grade” represents the rank or quality of the brick as 
compared with others made at the same works. ‘Thus all those 
marked No 1, come from different factories and represent in each 
case the best brick made at the factory from which they were taken. 
They are not always branded No. 1, for the best brick made at any 
one works may be marked XX, Special Al, or possibly something 
else. It will be seen from a comparison of those marked No. 1 that 
they vary in their refractoriness, from cone 33 down to cone 27. 
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An examination of the above table of analyses and fusion tests 
shows that the fusing points of the different bricks range from 
cone 27 to 33. It becomes of interest, therefore, to determine 
whether the same causes for these variations are operative here as 
were found to be active in the case of the fire clays. In other 
words, does the presence of a high percentage of both fluxes, and 
sand or free silica lower the refractoriness of the fire-brick ? 


If we compare the ratios of kaolinite to free silica we find 
that what has been said regarding the effect of silica on the re- 
fractoriness of a fire-clay also holds true in a very general way for 
fire-brick, but the relation here is not nearly so close. Thus, for 
example, No. 1 of the series would, if judged by its analysis, be ex- 
pected to fuse not higher than cone 29 or 30, whereas, it actually 
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fuses about cone 33. If we examine the piece that was fused in the 
Deville furnace, we shall find that scattered through the fused mass 
there are white grains that seem to have resisted fusion, and an ex- 
amination of the brick shows that probably 15% or 20% of it is 
composed of angular quartz grains, some of them one-sixteenth or 
one-eighth of an inch in diameter. We have, therefore, at once an 
explanation of the disagreement between the chemical analysis and 
the physical test, for it is well known that the size of grain exerts 
a strong influence on the fusing point of a clay. 

Now, in this particular case, much of the silica is bound up 
in grains and fluxing action can only proceed from the surface of 
the grain inward, and, therefore, the ability of the brick to stand 
up under a high heat will depend to a large extent on the fusibility 
of the matrix in which these quartz grains are imbedded. If 
these latter were ground fine arid evenly distributed throughout the 
brick, the latter might fuse at a lower temperature than it does 
at present. 

For purposes of comparison a number of analysis and fusion 
points of foreign brick are given below, and it will be seen that 
those of high refractoriness run comparatively low in silica. Those 
having a fusion point similar to many of the New Jersey brick 
having in some cases a similar composition. 

The writer regrets that he cannot give a table of fusion points 
of other American bricks for comparison, as very few have been 
published. Private tests show that they agree well with bricks 
from other states, except the better grades of Ohio and Pennsyl. 
vania brick, which fuse at cone 34 and 35. 


( See table, page 147.) 
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CHROME TIN PINK —A FURTHER DISCUSSION. 
BY 
Water A. Huu, E. M., (In Cer.) Shawmut, Pa. 


One of the most encouraging features of the work of this 
society is the fact that a subject, once introduced, is not easily 
lost sight of. Those who have given it attention contribute their 
results to the general stock of information, and the fund of facts 
erow steadily greater, our equipment more complete. And where 
can we find more conclusive proof of the sincerity and liberality 
of our members than in cases where the contributions stand for 
the accumulation of years of experience and of the expenditure 
of both effort and means which we are unable to estimate? For 
example, it is only necessary to refer to the articles in Vol. Ve 
on the subject of the chromium tin pink. 


Mr. Carter’s valuable paper is both clear and consistent, and 
my purpose is not to discuss it critically, but to express his glaze 
batches in chemical formulae for the sake of a more convenient 
comparison with those quoted by the other observers. 

Owing to the fact that the composition of both china clay 
and Cornwall stone vary in different samples, it cannot be 
claimed that the following formulae are exact representations of 
the glazes in question, but they will undoubtedly aid us in study- 
ing them: 


TABLE OF FORMULAE OF CARTER’S GLAZES. 
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To quote Mr. Carter, ‘‘These were fired at cone 09, the re- 
sults being as follows: 
A. Rich mellow red, but rather too brown, hardly life 
enough, but still a beautiful color. 
A little more red than A. 
Beautiful bright crimson. 
Good erimson but decided tint of purple. 
A stronger tint of undesirable purple. 
Disagreeable bluish purple color. 


ako Ob 


An inspection of this series reveals the following features: 

Inme: The lime increases gradually throughout the series. 
The average lime-alkali ratio for the two best glazes is about 3:2. 

Lead: Decreases regularly throughout the series. 

Acidity: Both silica and boraciec acid increase. 


The observations of the report published in Vol. IV indicated 
that all these gradations, with the exception of the boracie acid, 
would be beneficial to the color. Since, in this case, they occur 
simultaneously, it 1s impossible to Judge which are most active 
in affecting the glaze coloration. 

It is readily seen, however, that Mr. Carter’s glazes admit 
of the use of considerably more lead than previous reports have 
led us to believe it possible to employ. In this connection, it may 
be said that in the series given in Vol. IV, the effect of a high 
lead content was to produce somewhat puzzling, imperfect enam- 
els, with a tendency to bead. As soon as a composition producing 
a perfect glaze was reached, the color was good. These observa- 
tions, in the light of the formulae before us, and the fact that 
Mr. Hensel reports a fine pink gluze with 0.63 equivalent of lead, 
make it apparent that no lead limit can be assigned for general 
eases, and that the amount permissable depends, in part at least, 
upon other features of the glaze formula. 

The general effect of boracice acid upon the color is evidently 
the same in all cases, the tendency toward purple being reported 
by all observers. 

As to the mellowing effect of chromate of lead when added 
to ‘‘C’”’ and ‘‘D,’’ the question naturally arises, whether this 
improvement is due in part to the chromium or whether the 
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addition of lead in another form would have accomplished the 
came result. Mr. Carter refers to glaze ‘‘A,’’ (the one highest in 
lead), as having the most mellow and artistic shade, and it is 
undoubtedly true that the lead in the chromate added to ‘‘C”’ 
and ‘‘D’’ is responsible for at least part of the mellowing effect. 
There is nothing upon which to base any conclusion as to the 
action of the chromium. 

After all, the most interesting phase of Mr. Carter ’3 work 
along this line is his experience with the green frit. No doubt 
all those who have experimented with chrome-tin colors have 
produced some green frits, and green glazes as well, but this 1s 
the only instance I have yet seen reported, in which the color has 
been converted back to the pink. 

Understanding so little, if anything, of the constitution of 
the compound which gives us the pink coloration, it would be 
futile to discuss the subject theoretically. However, this report 
of Mr. Carter’s may modify our opinions somewhat. Hitherto, 
st has been assumed that it is necessary to make a pink frit or 
stain, different in formula from the glaze employed and calcined 
separately. It is supposed that in this first fritting, a compound, 
presumably chromium stannate, is formed, which, though not 
destroyed by the glaze, may be modified by it. It has been ob- 
served that certain glazes, in which the pink color was preserved. 
up to the temperature at which the glaze matured, would become 
green when fired to a higher temperature. In these cases it was 
supposed that the pink compound had been broken up, and 
would not form again. Here we have a ease in which the whole 
elaze batch, including the previously fritted stain, was fritted 
together and came out green, but changed to pink when refired 
on the ware. If we assume that the pink compound introduced 
by the stain has been destroyed, we must conclude that a pink 
compound is afterward formed in the glaze itself. If this be 
true, why make a pink stain? Why not put the requisite amounts 
of chromium and tin into the glaze batch raw, melt to a green 
frit and use it on the ware as Mr. Carter did? Or for that 
matter, why not put the whole glaze on raw in the first place? 

Mr. Hensel’s report, introducing new methods of attack, 
under conditions different from those previously described, offers 
no contradictions to the previous reports. That the limits of 
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composition reported by him are somewhat narrow, may reason- 
ably be attributed to the peculiarly trying conditions under 
which his glazes had to be burned. It seems probable, however, 
that in this case the color would be influenced by iron from the 
highly ferruginous body. 

Mr. Purdy’s paper, which is a discussion of the report of 
Vol. IV, calls for statements regarding several points which were 
neglected in that paper, some through oversight and others for 
the reason that explanations were regarded as superfluous. 

Mr. Purdy’s remarks advocating the use of various com- 
pounds of chromium and lime, apparently refer to the ingred- 
ients of the pink frit, and not at all to the glaze composition. He 
says in this connection that if fluorspar or gypsum were tried 
as sources of lime, or potassium hbichromate, lead chromate or 
chromium sesquioxide as the sources of the chromium, a marked 
contradiction to the results obtained would have been found. 
However, not only lack of time, but lack of inclination as well, 
prevented the introduction of the compounds suggested. When 
these experiments were begun it was with the intention of strik- 
ing at the essentials. Realizing that the investigation was to be 
limited, one would naturally endeavor to avoid encumbering it 
with complications. From Seger and the other investigators 
quoted, it was gathered that chromium and tin, or their oxides 
would produce colors, and that these colors would be affected by 
lime and silica. In the series of frit mixtures described, potas- 
sium bichromate was kept out in order to demonstrate that 
potassium is not an essential ingredient. Seger’s formulae had 
already shown that lead is not required, so why use lead chro- 
mate? As for fluorides and sulphates, they would not logically 
come in until after the effects of magnesium, barium, strontium, 
ete. had been tried in the place of lime and titanic and other 
acids instead of silica. However, the work done up to this point 
indicates that if the pink stain is to be incorporated into a glaze, 
it is the best economy of time to use any good frit which can be 
produced with the equipment available, and devote ones atten- 
tion to the glaze itself. 

The statement that a high temperature is required to develop 
the color of the pink stain is evidently not true of all formulae. 
With most of my stains, containing only tin and chromium, or 
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tin chromium and lime, or these three with silica, temperatures 
considerably above those which would melt some of Seger’s frits 
and those of Hensel, are required. 


Mr. Purdy next objects to the use of chromic acid on the 
ground that, as far as he knows, potters never use it. But is 
the use of an unusual agent to prove a point in course of research, 
an objectionable feature of the research? Must we always con- 
fine ourselves to those substances already in common use? But 
Mr. Purdy says of this compound that ‘‘its end reaction on the 
other ingredients cannot be the same as that of the other chrome 
compounds.’’ This cannot be contradicted, for nobody has yet 
been able to show what this end reaction is, if indeed there be 
any. However, if one ingredient helps to produce one so-called 
‘‘end reaction,’’ and a second compound produces something of 
which the color is as good as the first, why should we not use the 
latter if convenient ? 


Attention is next called to an oversight in my description of 
the manufacture of the pink stains. It should be stated that the 
frits used in the various series of glazes were calcined a second 
time after an intermediate washing and grinding. After the 
second calcination, they were ground wet and the water decanted 
off, thus effecting another washing. The frit becomes brighter 
with the calcination. In the frits which were members of the 
frit series, there are no ingredients which would be soluble after 
calcination. These were burned but once, and the glaze colors 
produced with them were as good as those with the twice calcined 
frits. ; 

The one ‘‘sweeping conclusion’’ which it is justifiable to 
draw in this connection is that, although all the work done on the 
subject has been carefully and studiously carried out, we cannot 
expect the results obtained by one investigation to tally precisely 
with those of another, using glazes of a different type and work- 
ing with different materials under different conditions. 


DISCUSSION. 


Mr. Burt: I would like to ask whether Mr. Hull has tried 
putting the chrome-tin ingredients in the raw glaze, with the 
idea of getting the color that way? 
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Mr. Hull: Unfortunately, since the paper of Mr. Carter 
came out, it has been impossible for me to do anything along that 
line. 

Mr. Hottinger: I had that oceur by accident. I was using 
a tin enamel, and grinding a minute part of chromate of iron 
with it; so it indicates that the color does not need to be made 
in advance, but may be produced in the glaze. 


Professor Binns: I had an experience along a similar line. 
I rather encourage my students to come to me with problems, and 
one young woman came to me with a flower and asked if I could 
make that color in a glaze. I said I thought I could. I made two 
trials. The color was a peculiar light brownish-salmon, a very 
pleasing tint. I made a mixture in matt giaze, thinking I could 
produce it with tin chrome pink modified by iron. I introduced 
potassium chromate, tin oxide, and oxide of iron, and thereby 
got a very pleasing brownish-pink tint. 


I had another experience with tin-chrome pink. I was burn- 
ing a kiln in which were some pink glazes, and reduction oc- 
curred, bleaching the pink. It produced a dirty gray, not a 
pleasing or satisfactory color at all—a pale, drab color. This 
occurred on two pieces of ware, one of which was entirely 
changed, and in the other one side retained the pink, an effect 
which I never produced before and do not think I could again. 
The other piece I wanted to change, so dipped it in a blue glaze, 
fired again, and the pink came back, showing through the blue 
and giving a purple result. It shows that pink is very suscep- 
tible to reduction action, and is readily restored by re-oxidation. 


Mr. Burt: In Berlin I was firing color in a gas kiln. I put 
the crucible down with the color in it, and above put a cone—I 
think cone three. It was not lower than that; it had no iron in 
it. The cone went down and I shut off the fire, and when I drew 
the kiln, here was the cone a beautiful pink color all over. Did 
that color volatilize and settle there on this perfectly pure white 
cone as a compound? I do not think so. I think the elements 
had to volatilize separately, and when the Cr,O, and tin and lime 
met on the surface of the cone, the color was formed. 


Mr. Watts: Mr. Hull, do these formulae (referring to Car- 
ter’s) come within the limits of your other paper? Do they 
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come within the same range which you outlined in your former 
paper? 

Mr. Hull: As I noted in this last discussion, the lead runs 
higher here than I have ever seen it reported before. 

Mr. Watts: .In other respects it is about the same? 

Mr. Hull: In other respects it checks the other very closely. 

Mr. Watts: About two months ago I met an old friend, 
and we naturally took up a discussion of various ceramic topics. 
He was reciting to me a chrome-pink formula and showing me 
some samples; and I notice that this fromula which I have in my 
note book is within reasonable range of your sample ‘‘B,’’ except 
that yours is twelve hundredths of alumina instead of thirteen. 
But he has 0.005 of chromium and uses 0.17 of tin; and his colors 
are fine, gotten at cone nine. He uses 0.64 lead in his glaze. I 
happen to have this memorandum with me, and it occurs to me 
to see where it comes. This is as brilliant a red as I ever saw 
irom a chrome tin compound. I believe you said this ‘‘B’’ here 
is rather inferior ? | 

Mr. Hull: It is very good, but required quite exact firing. 

Mr. Watts: I think you can account, to a certain extent, 
for this rise in quality of the red in ‘‘C’’ and ‘‘D’’ samples, and 
the falling off in ‘‘H,’’ ‘‘F,’’ and ‘‘G,’’ by the fact that you are 
reaching about the point where you get the best results in chrome 
tints, and beyond that they are not so good. While in the other 
case, your silica is increased, and you naturally get superior 
results in chrome tin colors as your silica increases. 


NOTES ON CEMENT.* 


BY 


ALBERT V. BLEININGER, B. Sc., Columbus, Ohio. 


A. THE LIMITS OF FREE SILICA AND CALCIUM OXIDE ALLOWABLE IN 
PORTLAND CEMENTS WHICH ARE MANUFACTURED BY 
THE DRY PROCESS. 


In the manufacture of Portland cement, we are dealing with 
three distinct processes of manufacture based on the character 
of three classes of available cement materials, namely, 

Marl and clay. 
Cement rock and limestone. 
Limestone and clay. 

The first, marl, is available usually in the wet condition, 
containing often 20 per cent. of water, or being, as is often the 
case, dredged from the bottom of lakes. The wet method of 
grinding this kind of cement material is hence obvious, and has 
been adopted as the prevailing mode of preparation. 

The second class of materials are the hydraulic cement rocks 
of the Lehigh Valley, Pennsylvania, which contain almost the 
proper amount of clay base for the Portland cement composition, 
and which need only some additional lime which is added in the 
shape of limestone. These hard, rock-like materials naturally 
are adapted for the dry grinding process. 

The same thing applies to the limestones, low in clay, to 
which clay must be added for the production of Portland cement. 
This combination is the kind of cement materials available in 
Ohio, and hence deserves special study. The questions which 
arise naturally in discussing the composition of these cements de- 
pend mainly on the mineral character of the cement raw materials. 
This includes the question of the crystalline character of calcium 
carbonate, the density and hardness of the rock, and the mineral 
character of the clay used, together with the general physical 

* Published in advance, by permission of Prof. Edward Orton, Jr., State Geologist, trom 
Bulletin 3, Series IV, Geological Survey of Ohio. 
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properties of the latter, which depend on whether it is a soft clay 
or a hard shale, an alluvial or glacial clay. 

he harder and more erystalline the calcium carbonate 1s, 
the more reluctantly will it combine with the silica of the clay. 
For instance, Rebuffat has found in the examination of certain 
natural cements that amorphous calcium carbonate would react 
with silica at low temperatures at which the crystalline car- 
bonate absolutely refused to combine. Again the difference in 
the kind of erystallization is an important factor, in regard to 
which point we have as an illustration calcite and arragonite, 
erystallizing in the hexagonal and yhombie systems respectively. 
Though both are calcium carbonate, and on expelling carbon 
dioxide produce calcium oxide, the calcite furnishes an oxide 
which hydrates with the evolution of heat and slakes with an 
increase in volume, while the arragonite slakes with difficulty 
and forms needle like crystals of calcium hydrate without in- 
crease in volume. 

In the clay base, extreme variations are liable to occur in 
regard to the mineral composition, and especially in regard to the 
ratio of the combined to the free silica. Combined silica from 
clay substance unites with calcium oxide with great ease, but free 
silica is available only if ground very fine, and then it reacts at 
a temperature much higher than that required for the union of 
combined silica. As far as the silica content is concerned, pure 
clay substance, or kaolin, would furnish the most easily assimi- 
lated silica. But there is this great draw back: Clay substance 
introduces beside silica a large amount of alumina, which, though 
producing additional hydraulicity in the cement, brings in a 
xreat element of weakness in regard to the constancy in volume; 
it causes the cement to set very rapidly, and after a time to swell 
and disintegrate. Therefore, though a certain amount of clay 
substance is desirable, it must not run too high. The question of 
the balanee between combined and free silica becomes hence a 
delicate one. Free silica is reluctant to combine with calcium 
oxide, and is liable to give trouble because of the imperfect 
union; combined silica obtained from clay substance unites read- 
ily with lime, but brings in too much alumina. 

Certain localities, like the lake regions of Michigan, Indiana 
and Northern Ohio, are rich in peculiar deposits, extremely 
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fine in grain, which are redeposited drift clays or lacustral clays. 
like the Albany slip, or the Millburg, Ohio, clays. These regions, 
possessing such clays together with extremely fine grained marls 
offer an almost ideal combination, amorphous calcium carbonate 
and fine grained clays, quite low in clay substance. 

in the second mixture of raw materials, clayey limestones 
and limestone low in: clay, we have as the main constituent a 
limestone high in clay, but extremely fine in grain, blended to- 
gether in the most intimate mixture possible by natural processes. 
All that is necessary is to grind in enough lime to bring in the 
ealeium content required for Portland cement. 

The greatest difficulty comes in the third mixture, consisting 
of limestone and clay. Ordinarily the limestones are more or less 
well defined crystalline masses, and the clays available vary 
through all types, from fire clays down to the alluvial deposits. 
The question now is to select the proper clay, that is, one having 
the correct ratio between combined and free silica, and also one 
which ceqntains this free silica in the finest grained condition, so 
as to save the expense and time otherwise required to grind it to 
the required fineness. This clay is now to be combined with the 
hme in a ratio approaching as the limit the chemical composition 
x (3 CaO 8:0,) +y (2 CaO AI,O,). That is, for every part by 
weight of silica, 5 parts of calcium carbonate is to be brought in, 
and for every part of alumina, 2 parts of calcium carbonate. But 
this theoretical limit cannot as a rule be reached, since in the 
process of manufacture it is impossible to give the materials the 
thorough grinding necessary to produce molecular contact. In- 
sufficient grinding and the maximum lime content result in a 
cement containing uncombined lime, which on slaking expands 
and destroys the cement. We are hence compelled to ask, if the 
limit (8 CaO) Si0, (2 CaO) Al,O, cannot be reached, what com- 
position must be accepted as proper. This question is justified 
the more, since the grinding of the limestone and clay is done in 
the dry way which, as is well known, does not bring about such 
an intimate blending as the wet process. 


The Problem Defined. 


We are hence dealing with these two questions: 
1. What should be the ratio between the combined and free 
silica in the clay base? 
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9. What molecular ratio of lime should be accepted for 
blending in the dry way? 

These questions are of importance to Ohio manufacturers of 
Portland cement, inasmuch as the future development of the 
Ohio cement industry depends on the use of limestone and clay, 
manufactured into cement in the great coal district of Southern 
and Eastern Ohio. The writer has attempted to answer the ques- 
tions by a series of experiments, which were carried out as fol- 
lows: 

Batches of cement mixtures consisting of kaolin, potters’ 
flint and whiting were prepared, with sufficient ferric oxide in 
the form of red Clinton iron ore, to give to all the cements a 
content of about 3% of ferric oxide. These batches were ground 
in an iron ball mill for four hours, making from twenty to thirty 
pounds of each cement, and after grinding were mixed up with 
water into a plastic mass, which was cut up into rough cubes, and 
then dried. The dry mix was burnt and cooled rapidly, as soon 
as vitrified. The iron content acted, so to speak, as an indicator, 
causing the degree of vitrification to become well-marked. The 
cements high in calcium oxide were burnt in a small cylinder 
furnace lined with a mixture of magnesite and Portland cement, 
and fired with gasoline gas. The mixtures low in calcium oxide 
were burnt in an up-draft kiln. No attempt was made to meas- 
ure the temperature in the cylinder furnace, owing to the diffi- 
culty of introducing the thermocouple. In the up draft kiln, 
it was measured by means of the Chatelier pyrometer. According 
to the basicity of the cements, the temperature ranged from 1270 
to 1400°C. 

The clinker produced was carefully assorted and all inferior 
pieces rejected. The selected clinker, which usually showed 
wherever the composition was suitable, the characteristic black 
color and the glittering particles so well known to the cement 
man, was ground and sereened through a 100 mesh sieve. This 
cement powder was then made up into briquettes, 1 cement: 3 
standard sand. placed in moist air till hard enough to be im- 
mersed in water, where they remained for 28 days. They were 
then tested for tensile strength in a Fairbanks testing machine. 
Another portion of the neat cement was made up into pats, kept 
in moist air for from 12 to 24 hours, and in water for 24 hours, 
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when they were boiled in water for six hours to test them for 
constancy in volume, that is, their tendency to crack and warp, 
or their liability to break down to a soft mass. 


The chemical composition of the series was arranged to vary 
from the maximum content of lime (3 CaO) SiO, (2 CaO) A1,O,, 
down to (2.6 CaO) SiO, (2 CaO) Al,O,, making 5 groups of ee- 
ments, with the following scale of composition : 


1. (3 CaO) SiO,, (2 CaO) Al,O,. 
2. (2.9CaO) Si0,, (2 CaO) Al,0, 
3. (2.8Ca0) Si0,, (2Ca0) Al,0, 
4. (2.7CaO) SiO,, (2Ca0) AI,0, 

(2.6 CaO) Si0;, (2 CaO) Al,O, 


At the same time another series was incorporated by allow- 
ing the clay substance and the free silica to vary in the mixture. 
Owing to the fact that even dried kaolin caused some of the 
mixture to stick to some extent to the pebbles of the ball mill 
used in grinding, dehydrated kaolin was used which had been 
heated just enough to expell all of the water of hydration. 


The clay base was introduced in five variations: 


1. Kaolin dehydrated; silica—alumina ratio, that is. per- 
cent silica divided by percent alumina, 1.16 :1. 


2. Kaolin and flint mixture; ratio of combined to free 
silica 1 : 1.58; ratio of silica to alumina 1.86 : 1. 


3. Kaolin and flint mixture; ratio of combined to free 
silica, 1 : 1.99; ratio of silica to alumina 2.33 : 1. 


4. Kaolin and flint mixture; ratio of combined to free 
silica 1 : 2.56; ratio of silica to alumina, 3 : 1. 


d. Kaolin and flint mixture; ratio combined to free silica 


1 : 3.41; silica alumina ratio 4 : 1. 


In the following table the results are arranged in this order. 
The fact that the tensile strengths of these cements do not aver- 
age higher is due to the fact that the clinker was not ground 
very fine. All of the cement passed the 100 mesh sieve, but the 
percentage of the finest dust produced was comparatively low. 
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Tensile 
Stre’g’h 
1:3 after 
Appearance of 28 days Boiling 
Clinker Pounds Test 
per 
square 
inch 
Pa Reseed earaeee ee Seen. Ne ee 
yellowish 49 poor 
slightly yellow | 187 poor 
good clinker 180 fair 
good clinker 187 fair 
good clinker 2038 poor 
OME id WANS is 
brown slag poor 
slightly brown | 193 poor 
good 168 fair 
good 232 stood test 
good 230 good 
slag like 109 poor 
good 228 poor 
good 305 good 
good 221 good 
good 188 good 
tendency todust} 380 poor 
fairly good 102 poor 
good 67 poor 
good 150 good 
good 225 good 
dusted 66 poor 
dusted a poor 
dusted 102 fair 
dusted in part 82 poor 
zood 1138 good 
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In considering these results. it must be remembered that the 
cements with a highly silicous clay base harden much slower than 
more aluminous cements, taking several months to show their 
real tensile strength, which, however, is very high. 


Conclusions. 


1. These experiments show conclusively that the ratio of 
combined to free silica, or of silica to alumina, is of vital impor- 
tance. Where all of the silica is brought in as combined silica, 
the resulting cement is worthless. The best ratio of combined to 
free silica is 1:2.56, and the best silica-alumina ratio is 3:1. 


2. The lime-silica ratio to be used depends, of course, large- 
ly on the fineness of dry grinding, which in these experiments was 
carried beyond the commercial limit. From the facts brought 
out in these and other experiments, it seems quite well established 
that the ratio best suited for dry ground mixtures, with a silica- 
alumina ratio of 3:1. the best formula is (2.8 CaO, SiO,) (2 CaO, 
POs): 


This was further confirmed by tests made with a silicous 
clay found on the campus of the Ohio State University, and a 
hard limestone, from near Wellston, Ohio. 


The analysis of the clay was: 


Percent 
PUT etl ciskevata tiie sea hoy. Sixt biaiece kia. Bifee bev Re 68.80 
POUT TT Ge ARS EM NEES ea BR eg 14.71 
Pee VECO y LEG aid inte ohsics Acaudl cls el aleuere ol e.b) & Shave 4.50 
CATAL ORACLE ine wicinr a wie hrs. ale levsaecele wie sie 2.79 
ELE MROSL AT catty eis eran ae a oles avai vkele see site 2.49 
Ratio silica to alumina: 4.67 :1. 
The composition of the limestone was: 
Percent 
Calcium Carbonate..... CNHI apereaatatele evelte 91.82 
VR Rots a eee ag OEP ee oaan ) EAU eke LO aan a iC aR 3.52 
Alumina and Ferric Oxide............. 3.51 


Masnesiim Carbonate sik cic 0\ée:s els ee 0-63 
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The tests of the cements produced from these materials 
showed the following results: 


Tensile 
Strength 
Formula 1:3, 28 days Boiling Test 
Pounds per 
square inch. 


| ' 
(2.9 CaO SiO,) (2 CaO Al,O;) | 290 | good 
(2.8 CaO SiO.) (2 CaO Al,O;) | 360 | good 
(2.7 CaO SiO.) (2 CaO AI,O,) | 190 | good, but off glass 
| 


These clinkers were ground finer than those of the preceding 
series, having been ground in a ball mill. 


B. THE EFFECT OF CALCIUM HYDRATE UPON NATURAL CEMENTS. 


A study of the composition of the American natural cements 
reveals the fact that they show extreme variations in composition, 
trom near the bi-calcium silicate down to the mono-caleium sili- 
cate. ‘This absence of uniformity has led the writer to considér 
their hydraulic activity as being due to a kind of pozzuolanic 
reaction; that is, the calcium oxide produced on burning simply 
renders the silica of the silicious matter ‘‘soluble,’’ producing an 
active silicic acid, which combines with the lime to form a high 
acid compound, with the ability to combine with more lime. 
This lime ought to react with the silica even at ordinary temper- 
atures if brought in as calcium hydrate, and hence the addition 
of dry slaked lime should prove whether the hydraulic reaction 
is pozzuolanic in character or not. 


In order to investigate this matter experimentally, four sam- 
ples of natural cement rock were taken, representing the Rosen- 
dale, Louisville and Utica districts, and burnt in lumps till prac- 
tically all carbon dioxide was expelled. They were then ground 
in a ball mill in two portions. To one five per cent. of dry slaked 
lime was added; the other was ground without any additions. 
The lime was prepared by shaking with excess of water, and dry- 
ing till practically all mechanical water was expelled. 
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In the following table the results of this test are compiled: 


Tensile Gainin 

Strength Tensile 

No. Description 1:1, 28 days Remarks Strength 

Pounds per in 

sq inch Percent 

TH PROGR AlONe Se cu eters 94 probably over burnt | ..... 

1 | Rock+5% slaked lime nie proke im 2 days ye wee 

Ore ROCK ALONE 2's ce sais ais atte checked and swollen | ..... 

2 | Rock+5% slaked lime 230 sound 70.4 

Sr ieRock Alone se cae 135 SESELIEGE? drink aie Wont Wy Ranneet rata re 

8 | Rock+5% slaked lime 200 sound 44.4 
Rock: alone ss csi 100 , sound 

Rock+5% slaked lime 270 sound 170.0 








The conclusion which must be reached is that the reaction 
appears to be decidedly pozzuolanic in character as the addition 
of five per cent. of lime hydrate to these natural contents, with 
tlte exception of rock No. 1 which was probably overburnt, show- 
ed a most decided improvement in tensile strength. From the 
practical standpoint this should prove valuable to natural cement 
manufacturers as this small amount of dried, slaked lime should 
not increase the cost of manufacture appreciably considering the 
gain in strength. 

At the same time, two students of the Civil Engineering de- 
partment of the Ohio State University, H. B. Nichole and R. E. 
Hamilton, conducted experiments with cement mortars, to which 
varying amounts of lime paste were added. Their results were 
as follows: 
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Tensile 
Mixture Diets Caer ie 
1:2. Pounds 
per sq. inch 
Natural’ Cements..0. v2). \u.0 ete ome | 292 | 
96% cement+ 4% lime.......... | 335 | 14.7 
92% cement+ 8% lime.......... | 325 | 11.4 
90% cement+10% lime.......... | 325 | 11.4 
85% cement+15% lime.......... | 322 | 10.4 
80% cement-207%, mens. ras as | 357 | 22.3 
| 4.1 


75% cement+25% lime.......... f 304 





These experimentors also added lime paste to Portland ce- 
ment mortar, the brand used being a standard American cement, 
but it was found that the strength began to decrease at once, 
as was to be expected. Portland cement being already a sub- 
silicate has no need of further additions of lime in any form. 

It also appears that the addition of dried calcium hydrate 
in the grinding of the natural cement is much to be preferred, 
as the results are more strikingly favorable. 


C. A STUDY OF THE GRINDING PROCESS OF QUARTZ SAND IN | 
TUBE MILLS. 


Since in various branches of the silicate industries the grind- 
ing of quartz sand is a necessary operation, it was thought advis- 
able by the writer to study the progress of grinding quartz by 
making mechanical analyses at various stages of the disintegra- 
tion. ‘I'he experiment was carried out in a chilled iron ball mill, 
having the shape of a flattened sphere, with a diameter of 24 
inches, and a width, at the center, of 734 inches; in this was: 
placed 126 pounds of flint pebbles and 25 pounds of quartz sand. 
The same machine accomplished the grinding of a limestone-clay 
Portland cement mixture in four hours, reducing the cement to a 
fineness where everything passed a 100 mesh sieve, the charge. 
being also 25 pounds. The cement mixture on ignition left no: 
insoluble residue in acid and sodium earbonate solutions. 

It would be, of course, absurd to draw from this experiment 
any conclusion whatever in regard to the general efficiency of 
ball mills, but it is thought that it will show the relative fineness 
produced by grinding the quartz sand the same length of time as: 
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is required to reduce a practical Portland cement mixture to the 
desired fineness. The problem gain; in practical value owing to 
the fact that numerous Portland cement works could improve 
the quality of their output by grinding sandstone into their 
mixture. But as the stone could not be reduced fine enough in 
the complete mixture, that is, surrounded by the softer particles 
of clay and limestone, it must be given two grindings, one pre- 
liminary to mixing and the second while a component of the 
completed mix. | 

The experiment would seem to indicate that quartz sand, 
from the intermediate grinders, that is, from the ball or Kent 
mill, would have to be ground longer in the tube mill than a mix- 
ture composed of hard limestone and soft clay. The time of 
grinding of the quartz would be to the time of grinding the mix- 
ture as 5:4. That is, if in tube mills of the same size and speed, 
the mixture passes through at the rate of 20 minutes, the sand 
would have to remain in the mill 25 minutes, the weights of 
substance ground being equal. 

The eriterion by which the fineness of the sand is estimated 
is the amount of chemically available material, that is, the sand 
which when mixed with lime in the proportion used in Portland 
cement and ignited, becomes soluble in hydrochloric acid and 
sodium carbonate solutions. Or in other words, the sand which 
may become available in cement reaction. 

The results of the experiment are shown in the accompany- 
ing curve, and need no further explanation: 
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CERAMIC SHORTHAND 
BY 


Epwarp C. Stover, Trenton, N. J. 


In these busy days, time is really one of our most precious 
factors. One who is constantly figuring ceramic problems gets 
weary of repeatedly writing Al,O, and SiO,, ete. I frequently 
thought how convenient it would be if the above could only be 
accurately expressed by ‘‘-’’ and ‘‘.’’ instead of using five letters 
and figures for first, and four letters and figures to express the 
latter. 

After much thought and numerous trials I have adopted a 
system of characters, very simple in form, easily made and read, 
to express the forty-five (45) substances most frequently used 
in ceramics, that are given in the ‘‘Manual of Ceramic Calcula- 
tions,’’ issued in 1900 by The American Ceramic Society. 

I feel it is necessary to make a few explanations. The uni- 
versally adopted letters and figures for expressing all chemical 
formulae is so complete, so accurate, and so comprehensive the 
world over, that I would not think of even suggesting a single 
change in it for our ceramic literature, or where examples, prob- 
lems, etc. are to be communicated from one person to another. 

My new system of ‘‘Ceramie Shorthand,’’ so to speak, is 
only intended for individual use, where economy of space and 
time are factors. 

In making my groups, and »refixes and suffixes, I have done 
so from a Potter’s view-point, rather than from a scientific one, 
as I found that even Mendelejetf’s eight groups by oxygen ratios, 
12 series by the attomic weights, in his celebrated ‘‘ Periodic 
Law”’ tables would not suit our purpose, which can readily be 
seen below: 

The horizontal, perpendicu- 
abel \ A, lar, down slant and up slant 
straight lines form the main 

body of all characters used, to which are added 


® fo) a a > A Neer eres 
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as prefixes and suffixes, and according to where and how they 
are added the individual materials are designated. Anyone 
familiar with Ceramic Technology will appreciate the grouping. 
The characters for each group are similar for convenience to 


learn and to remember. 


GROUP I. 


Chemical 
Formula 
A—Flint, Sand, Silica, and Sio, 
the Silicates 





BAL In a ai oie eects shes Bic a A reitahs Sea 
C—Kaolin, American........ Al.O, 2 SiO, 
D—Ball Clay, American...... Al,O; 2 SiO, 
BE—Kaolin, English.......... Al,O; 2 SiO, 
F—Ball Clay, English........ Al,O, 2 SiO, 
GROUP II. 
A—Feldspar, Orthoclase or K,O Al1,O, 
“Potash VSDAL onsen oe 6 SiO, 
B—Feldspar, Albite, or Na.O AIO; 
SSOGA MS DAL we eo veltcs pices 6 SiO, 
C—Feldspar, Oligoclase, or (CaO Na.O) 
“Lime Soda Spar”....| AIO; 5 SiO, 
D—Feldspar, (K,0 Na,.O) 
Potash Soda Spar....... Al,O, 6 SiO, 
E—Cornwall Stone.......... K,O 2, 5 Al,O, 
20 SiO, 
B—Cryolite: . 0.2 ieee as ne Na,Al F, 
GROUP III. 
A—Lead, Litharge........... PbO 
B—Lead, Redes s.G ie 2eeieens Pb,O, 
C—Lead, White............. 2 (PbCO,), 
Pb(OH), 
D—Zine Oxide.............. ZnO 


B—Tin ‘ORIdG. ok een cove sakes Sn0O, 


Equivalent 
Weight 


60 
102 
258 
258 
258 
258 


557 


524 


520 


525 


1550 


420 


222 
228 


258 
81 
149 


Shorthand 
Character 


ete bie 


J bld 1 
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GROUP IV. 
Chemical 
Formula 
ASS OLAS aot ce ke K,O 
Be Oar Ashe leo aie K,CO, 
Wee EL ANSEL chore h Wie ete cielmcratdite Na.CO, 


D-—Soda Crystals2i.. 1 oak..: Na.CO, 10H,O 


E—Sodium Chloride Na Cl 
Common Salt 
F—Sodium Nitrate.......... Na NO, 
GROUP V. 
A—Borax Crystals........... Na.O 2(B.0;) 
10 (H,O) 


B—Borax Calcined........... Na,O 2(B,0;) 





C—Boric Acid, Flaky........ BO, 3 H,O 
D—Boric Acid, Calcined..... ‘BO; 
GROUP VI. 
A= ANTIMONY (54 Fs 5 Sdn does Sb,0, 
ee ERE LA irate se coer ae cabaes old aren O's BaCO, 
C—Barium Sulphate BaSO, 
“Heavy Spar” 
D—Magnesium Carbonate....| MegCO, 
E—Maegnesium Oxide........ MgO 
GROUP VII. 
A—Lime, “Quick GLime’’..... CaO 
B—Whiting, Marble......... CaCO, 
C—Plaster Paris, Gypsum...} CaSO, 2H,O 
D—Bone—Bone Ash........ Ca, (PO,)2 
Mere HOPI ES laters sas sie. vlelsi es CaF, 
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Equivalent Shorthand 
Weight Character 
94 

138 
106 
286 


116 


Pe ede AEE 





170 


382 


202 


124 





QQ .a0n 0 


70 


197 


233 


84 


ALLO 6 


40 


56 
100 


i20] 


103 


Tb GTS Gi 


78 
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GROUP VIII. 


emia BAe cea 

A—Chromium Oxide.....-... Cr.0; 152 

B—Cobalt Oxide............ Co,0, 80 65 
C—Copper Oxide............ CuO 79 a 
D—Iron: Oxide... oie i .6 ea Fe.O; 160 fP 
E—Manganese Oxide........ MnO, 87 . f 
F—Nickel Oxide............. NiO 75 rai 
G—Uranium Oxide.......... U,0, 523 oF 
H—Tin Chromium Pink..... SnO.,, Cr,0;,CaO ie sere Pon ot 


PREFIXES AND SUFFIXES. 


B—Oxygen and OxideS.. 20... cc. cece weet een c cere ecenccce 
C—Carbon and Carbonatess ok. tices cb we else a etnies ome 


D—Sulphur and Sulphates. .......... 2c cece cece eee ccocee 
E—Phosphorus and Phosphates...........ceceseeesceees 
F—Fluorine and Fluorides... 6.00.00. se ee beeline s clea gisie» 
G-—-Nitrogen and Nitrates... 0.1.5 .).4 3560.0 oes aieie eles owe 


A—Flint, Sand, Silica, and the Silicates.................- 
H-=Chiorine; and: Chiorides sie ke ale ako olera te ae lars ol chaia ove 


Lo8 = 7 22-3 0 8 


In the event of further additions or more definite modifica- 
tions being desired, the following curved single strokes are avail- 
able: 
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ras ne. 


All would be subject to the same prefixes and suffixes, and if ad- 
ditional of the latter are wanted, the following simple ones are 
available: 


GSS A AI EL TR Ga can 


The horizontal dash— is used exclusively in Groups I and 
III, the additions being above the line in the former, and under 
the line in the latter. 


Group II is of necessity made of compound characters, the 
proper units representing the elements being employed. Felds- 
par and Cornwall Stone are distinguished by the extra silica 
dot in the latter, which has the larger silica contents. 


Groups VI and VII are both down slant lines. the former 
having the additions at the bottom, the latter at the top. 


Group VIII are up slant lines, except Tin Pink, which is 
a compound character. 


rroups IV and V are the vertical lines with the necessary 
endings, the latter containing boric acid compounds. 


Examples of the Use of the System: 


From the Manual of Ceramic Calculations, page 213, take 
the analysis: 


SHC ay uO lan 59.00 
PAU ATIOAT Tey aie Gil, 632 
| Dy hese VeRO Ne a AR 7.48 
OERST A Vie hee 6.13 
SOULE AEE OPS SRE 3.16 
TegdeOxidew ys. u'* 10.58 
Boraciec Acid.... 7.25 


47 letters, 99:92 


It reyuires 47 characters, besides the figures, to write the 
above analysis. Written by the proposed shorthand system, it is: 
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59.00 
6.32 
7.48 


6.13 
3.16 
10.58 
7.29 


DO poe 


a4 —o-» | @ 





Which requires only seven characters to do the same work. 
For another case, take the formula on page 214: 


0.219 K,O 


0.171) Nao. || ( 3.307 Si0, 
0.449 C 0 \ 0.208 Al,0, . 

aii 0.348 BO 
0.160 PhO} 105 
0.999 RO 


Which requires 25 characters beside the figures denoting quan- 
tity. Written by my system, this formula becomes: 


Oy ah foe it 

Gill ft 4 0208 SIO7 « 
O 449 react | 
OOO ar 0.348 J 
0.999 


requiring 7 simple characters, beside the ficures. 


EXPERIMENTS WITH FINE GRINDING OF FLINT 
AND SPAR. 


BY 
Junius F. Krenpien, B. Se., Delevan, N. Y. 


A Tuersis PRESENTED FOR GRADUATION, IN JUNE, 1904. 
New York State ScHooL oF CLAYWORKING AND CERAMICS, 
ALFRED, N. Y. 


The field covered by the influence of flint and spar in pot- 
tery bodies, especially vitreous ones, is very large and is suscep- 
tible of treatment along different lines either in a purely chemical 
way, or in a mechanical way, as it will be considered in this 
paper. 

Silica or quartz is used in pottery bodies either for opening 
the body, in which case it is used in grains of varying size, and 
the bodies are not fired so high but what the quartz remains as 
such and the body more or less porous, or it may be used in the 
vitreous mass to combine more fully with the fluxing material 
and form new compositions more readily than will the less fusible 
kaolinite. The use of feldspar in pottery bodies is not to give 
them shape, but strength, for at the temperature at which it is 
used as a flux it becomes fiuid, and by dissolving or combining 
with the more refractory materials to a greater or less degree it 
produces a dense mass, with translucency according to the purity 
and proportion of materials used. 

Flint and spar occupy so important a place in the construc- 
tion of bodies in which they constitute about half, and since they 
are not given to us in a finely divided state as in clay, but in the 
form of hard rock which is pulverized with difficulty, a wide field 
for research presents itself both in the pulverizing of the rock, 
and in its effects when mixed with clay. This embodies the find- 
ing of the effects of the different degrees of fineness, the proper 
erinding for these two materials, the establishment of a standard 
of fineness, and a sure, quick, and easy method of testing. 

A eonsiderable amount of material is at hand, by differ- 
ent authors on different parts of the subject, and to be more 
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familiar with some of the points already made, a summary of 
these articles will follow. 
Seger gives some valuable information concerning the hard- 


ening or maturing of clay wares. 

“By the condition of being matured we understand that condition 
in which by the effect of heat some of its constituents have been so 
far melted that they are able to cement the parts not melted, without 
destroying the porous character and producing noticeable changes of 
form by too great softening. If the liquifaction be increased or long 
continued, the influence of heat goes so far that a sufficient amount of 
a vitreous mass is present to fill the pores of the ciay, and at the same 
time to produce a material softening. The process of firing to a ma- 
tured condition has for its purpose the formation of a small amount of 
liquid substance, which physically and chemically we are wont to call 
glass. This strengthening binding material, whose chemical nature is 
indifferent for our purpose and may be subject to the greatest varia- 
tions, is formed in part by the melting of fusible compounds already in 
the clay; in part it is the result of a chemical process which takes place 
during the burning, which must, however, never be very extensive if 
the earthy character of the clay is to be retained. The degree of heat 
necessary to produce that degree of fusion in the clay to furnish the 
liquid binding material becoming solid with the decreasing tempera- 
ture, for those parts not affected by the heat, is in the first place de- 
pendent on the chemical nature of the materials, but also on the 
distribution of the physical properties of the individual components, 
especially of the rock dust and sand which in general are the only 
components quantitatively to be considered, in which there has been 
preserved during the process of weathering a part of the crystalline 
structure.” 


From a paper by Mr. W. Jackson, A. R. C.S., under date of 
October 11, 1902, it is found that Mr. Jackson experimented with 
flint ground in cylinders and that ground in pan, elutriating 
samples of each and examining as to shape. He found the shape 
of the flint grains to be the same in both eases; very angular, 
showing the grinding in either case to be a series of fractures. 

A year later the following article appeared in substance. In 
the article Mr. Jackson first makes note of the fact that chemical 
action takes place between substances when their surfaces are in 
contact, and then says: 

“Tt will follow that the greater the surface of reacting substances 
the more rapid and complete will be the chemical changes produced. 
Since more chemical action is necessary in vitreous wares, glasses and 
fritts than in porous bodies, it is necessary to have as great a surface 
as possible exposed in order to produce results quicker and at lower 
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temperatures, and this is done by fine grinding. But this is not all, 
for the same surface area must occur in all grinds in order to produce 
the same results. The following is the mathematical explanation of 
the relation of the diameter of grains to surface area, assuming the 
grains to be spheres or nearly so. 


Let D and d be the diameter of the two spherical particles. 


Their volumes are respectively 
3.1416D* and 3.1416d* 


6 6 
and if G is the specific gravity, their masses are 
G3.1416 D® and G3.1416 d’ 


6 6 
And in the unit there will be 
6 6 


G3.1416 D* and G93.1416 d’ 
particles. Now the surfaces of particles with diameters D and d are 
3.1416D* and 3.1416d? respectively, and hence the surfaces for unit mass 
of particles having diameters D and d are 














6 6 
————_ X* 3.1416D? — ————_ and 
G 3.1416 D* ; GD 
6 
——————_ X* 3.14160? = ~ ———_- 
G 3.1416 d® Gd 
Therefore the ratio of the surfaces is 
6 6 1 1 
SOOO Chat Eyl eid 


or, the surfaces vary inversely as the diameters.” 


He then gives a table of samples of flint elutriated by means 
of Schoene’s elutriation apparatus into the sizes 0-0.01mm., 0.01- 
0.025mm., 0.025—0.04mm., 0.04—0.33mm., and says: 


“Hence, if we presume in the preceding table that the average 
diameter is the mean of the extreme diameters 0—0.01, 0.01—0.025, 
0.025—0.04, 0.04—0.33, i. e., 0.005mm., 0.0175mm., 0.0325mm., and 0.185 
mm., the surfaces of equal masses of particles having these average 
diameters will be in the inverse ratio of these numbers i. e., 

1 1 1 1 
—S >: — : — : — or 8367 : 962 : S18 : V1 
50 175 825 1850 
Then multiply the percentage contents as follows: 


0 —0.01mm X 3367 
0.01 —0.025mmxX 962 
0.025—0.04mmX 518 
0.04 —0.33mmxX 91 


The total surface area Will be the sum of these products.” 
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Prof. Binns has given some interesting points in Vol. V., 
A. C. S. He makes mixes of kaolin and ball clay constant, with 
flint and spar normal, and ground in varying proportions. The 
evidence found is in short that the grinding of flint has a very 
marked effect, but that the grinding of spar has less. The action 
of the spar becomes much more powerful by grinding, and dis- 
solves the clay substances already in combination much more 
readily than the flint, which being free silica remains in suspen- 
sion. That the blends of spar and clay alone have the appearance 
of a fritt or slag. : 

“They seem to be not translucent but transparent, and to this fact 
is due their dark color. A new light is thus cast on the problem of 
color and translucency. Spar appears to render the clay mass trans- 
parent and dark because the rays of light penetrate and are not re- 
flected. So when in the fused mass of spar there are present a large 
number of flint fragments, the reflection from these imparts whiteness 
and through the space between, the light rays can pass. Add to this 
the fact that most of the flint grains are in themselves translucent, 
and there is an explanation of the combined whiteness and transluc- 
ency in the presence of flint which does not occur in its absence. 
Obviously then the fine grained flint will have a stronger influence fot 
there are just so many more points for the reflection of the light rays. 
The grinding of spar has the effect of increasing its power at a given 
temperature.”’ 

Another article of considerable importance at this time is 
one by Arthur Heath, read at Victoria Institute, Tunstall, De- 
cember 13, 1902. ‘‘The effect of varying fineness of particles of 
non-plastic materials in pottery bodies,’’ is the subject. To 
obtain samples of the various sizes of flint and spar he uses 
sieves from 60’s to 160’s for those 0.239 to 0.1mm in diameter, and 
a Schoene apparatus for sizes from 0.08 to 0. The method of de- 
termining sizes was by actual measurement from micro-photo- 
graphs of the particles magnified sixty times—the average of sev- 
eral being used. Using a standard earthenware body mix, two 
series of trials were made, one with flint and one with stone. 
The results, showing porosity and contraction, he expressed 
graphically on diagrams, and comes to the following conclusions: 

1. “The flint of an earthenware body causes the contraction to 
vary inversely as the diameter of its grains. 


2. Porosity varies directly with the diameter to 0.05mm.; below 
that it varies inversely as the diameter. 
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3. The effect on the glaze is that the tendency to craze increases 
with the size of the particles. 

4. The stone in an earthenware body causes the contraction to 
vary inversely as the diameter of its grains. 

5. Porosity varies directly as the size of the grains. 

6. The effect on the glaze does not tend to crazing, but the egg- 
shelly effect diminishes with the size of the grain; but when stone is 
less than 0.029mm. diameter it causes a blistering of the body when 
glazed.” 

In speaking of the surface area as compared with the diam- 
eter of grains, Mr. Heath assumes the grains to be cubes, hence 
for a given mass of material the surface area varies inversely as 
the diameters or edges of its particles or cubes. 

The method used by the writer in the elutriation of flint and 
spar differ slightly from that used by Seger in that only particles 
which pass 120’s lawn are considered, he having used a Schoene 
apparatus and a pressure great enough to separate particles 
0.33mm. The largest particles which pass 120’s lawn according 
to two measurements are 0.12mm wide, and length varying. 
These measurements were made first from the particles them- 
selves as they appear under the cover glass, on a slide under 
the microscope, it being supposed the particles are flat, showing 
their two greatest dimensions, and second from a measurement 
of the meshes of the lawn used (120’s), the greatest dimension of 
the opening corresponding exactly with the width of the largest 
grains which passed through. 

The apparatus at hand is patterned after Schultz’s, which 
consists essentially of three cylinders with cone-shaped bottoms 
placed at different heights, so that the overflow from the first 
flows through the thistle tube to the bottom of the second, and 
so from the second to the third. This works so nicely that the 
white cloud of flint or spar when it reaches the side of the cylin- 
der rises with a perfectly flat surface on top. The water supply 
is constant, coming from a tank with an overflow and fed from 
faucet. The height of the tank depends on the opening in the 
end of the delivery tube, and is adjusted by trial. The cylinders 
have different diameters to produce a separation of the particles 
according to the sizes outlined by Seger, namely in the first or. 
smallest can:—particles 0.12mm to 0.04mm in width, (0.33- 
mm to 0.04mm., Seger) in the second can, those 0.04mm to 0.025 
mm in width, the measurement of the particles in the third can 
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being 0.025mm. to 0.01mm., and the final overfiow consisting of 
particles from 0.01mm to 0. 

The flint and spar used in these experiments are American 
flint and body spar from the Eureka Flint and Spar Co. The 
first difficulty that presented itself was the proper breaking up of 
the particles. Taking the flint and spar normal, or as it comes 
from the miller where it has been ground dry in ball mills or 
cylinders, a good boiling with care will loosen nearly all of the 
particles, and when put through the elutriation apparatus the 
particles are found in cans according to their proper size, the first 
can containing only particles from 0.12 to 0.04mm, the second 
ean 0.04 to 0.025mm, the third can 0.025 to 0.0lmm. But when 
the materials are reground wet, in a porcelain jar for 20 min., 
40 min., 1 hr., 2 hrs., 4 hrs., and then dried, the finer portion 1s 
quite apt to set, and so boiling would not suffice. A sample ground 
for one hour was boiled and elutriated, but was not satisfactory, 
for in the first can particularly were found aggregations of these 
small particles acting as a large unit. Even passing the material 
through 120’s lawn would not break up these clots, so finally 
another method was resorted to. A bottle about six inches long 
was placed in a frame of a ball mill so that the contents of the 
bottle would fall from one end to the other as the frame revolved. 
This helped to a considerable extent. The use of distilled water 
throughout the experiment and a shaking device for breaking 
up the particles would probably have given better results. By 
trial 20g. dry seemed to be a fair charge for the size of the appar- 
atus. The advantages of this apparatus are its ease of manufac- 
ture putting it within the reach of all, it requires no attention 
while doing its work—a small supply of water from the tap 
accomplishing all. 

The following table shows the result of a series of experi- 
ments, and the figures given are the product of the original fig- 
ures by five since only twenty grams were used in the experiment. 


TABLE I. FLINT. 














Hiamasters 1p | Normal | 20min, | 40 min 1hr. | 2 hr. | 4 hr. | 1 hr. dry. 
0.12 —0.04 PPT DRO ye exe eS BE Tal re rane Ca ete cae 0.15 
0.04 —0.025 15.85 | 15.80 | 11.15 3.55 | 2.65 3.50 | 12.10 
0.025—0.01 25.25 | 25.40 | 28.25 | 26.25 | 23.80 | 11.60 | 25.00 
O01) =): 57.20 | 57.30 | 60.70 | 70.20 | 73.55 | 84.90 | 37.25 
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TABLE II. SPAR. 














Diameters in | Normal | 20 min. | 40 min. | 1 br. 2 hr. 4 hr. | 1 hr. dry. 
millimeters 

0.12 —0.04 SA So ate tera ee | pale ays | Sislela ean thal Gamers 2.55 

0.04 —0.025 15095 112.25 6.15 8.80 5.50 4.00 | 10.05 

0.025—0.01 . 22.385 | 28.70 | 18.50 | 28.45 | 29.50 | 18.00 | 23.40 

0.01 —0.0 52.85 | 64.05 | 65.35 | 62.75 | 65.00 | 83.00 36.00 


These figures are plain as far as the proportional amount of 
each size is concerned, but they do not tell us concerning the 
surface of the elutriated portions, and this point is of greatest 
importance. Mr. Jackson has so clearly shown a method of 
determining a surface factor that it seems unnecessary to find 
another factor, or even another method of finding the same 
factor. His method is based on the assumption that the par- 
ticles are round or nearly so, and Mr. Heath mentioned how 
the same relation between surface area and diameter is true when 
the particle is considered a cube, and now it seems reasonable 
if the mean dimensions or width be taken, the same law should 
hold approximately true or be accurate enough for practical pur- 
poses. Accepting his method of finding the desired factor, and 
applying it to the sizes of the elutriated material as given in 
these experiments, the following results are obtained. The means 
of the following extremes 0.12—0.04mm., 0.04—0.025mm., 0.025- 
0.01mm., 0.01—0, are 0.08mm., 0.0325mm., 0.0175mm., 0.005mm. 
respectively, and their surfaces vary as 5 : ~- : => : 4 OF 
as 182 : 448 : 832: 2912. From these numbers and the preced- 
ing table the following surface areas and factors are obtained: 


TABLE III. FLINT. 














Diameter in millimeters Normal | 20 min. | 40 min 
0.12 —0.04mm. | 309.40 f 243.00 Bits tar Biancate: aya’ 
0.04 —0.025mm. 7120.80 7078.40 4950.40 
0.025—0.01mm. 21007 .00 21132 .80 23504 .00 
0.01 —0.0mm. 166566. 40 | 166857 .60 176758 . 40 

CCGA 2 lost el 3s | 195003 .60 | 195311.80 | 215212 .80 
Diameter in millimeters 1 hr. | 2 hr. | 4 hr, | 1hr. dry. 
Se Om Clit le Wart Ne cif uicr ds [alae wes as | 27.30 

0.04 —0.025mm. 1690.40 1187.20 1568 .00 5420.80 
0.025—0.01mm. 21840.00 19801.60 | 9651.20 20800 .00 
0.01 —0.0mm. 204422.40 | 214177.60 | 247228.80 182736 .25 











MOLBIS ob) 0)01 0.414 | 227422.80 | 235166.40 | 258448.00 | 208984.35 


180 EXPERIMENTS WITH FINE GRINDING OF FLINT AND SPAR. 


TABLE IV. 
Omitting the last two figures, we have 
NOs EI eee a eT i cea ae ta 1950 
20") POEM VBE Gi ea OU ON 1953 
PAO 108 BUN YL 2 ct SN ene nnn Ta era Bee, Vin T Wana ly i 2052 
STOUT esate UL otR CEN aie anevada Re te 2279 
21) TOUS ee aa VTS aee rg ied mia ie keke tte 2351 
AN OUTS cose Geel e lore RU AAU CULENa Nope Murr ou 2584 


TABLE V. SPAR. 




















| Nora | 20 min. | 40 min. 
0.12 —0.04mm. 1610.70 bya cau asf ta Ute ate eV ame | ae yu UN ka na 
0.04 —0.025mm. 7145.60 5488.00 2755.20 
0.025—0.01mm. 18595.20 19718 .40 15392 .00 
0.01 —0.0mm. 153899 .20 186513 .60 190299.20 
MOtale wien | 1812490.70 | 211720.900 | 208446.40 
| 1 hr, | Zire | 4 hr. | Thr. dry. 
0.12 4-0.04mm. i) [i SOF2 UFO ete mee | 464.10 
0.04 —0.025mm. 3942.40 2464.00 1792.00 4502.40 
0.025—0.01mm. 23690. 40 24544 .00 10816.00 19468.80 
0.01 —0.0mm. 182728.00 | 189280.00 | 241696.00 1863868 .00 
Totals) sje & | 210369.80 | 216288.00 | 254304.00 | 210803.30 
TABLE VI. 
Omitting the last two figures, we have 
ING HELO as COR Ih OLN Ree 1812 
20) MATIC irs Sel velleli aes eieab a a fas 2117 
AQ NITMULES MMe eee leroe mince Goalie VA eon 2084 
1 HOUR ee eee IU ere LED Renee re fen a a ACR 2103 
2 TOUTS UP RU LUM AON LM ava 2162 
A BOUTS Me A UMA Cy MAnL Leal aOR LAN 2543 
RW HOUR RAT WO NANG CHEN TNE iinet ane 2108 


The first comparison is made from Tables IV and VI where 
it is noticed that the flint as it comes from the miller has a 
greater surface area than the spar, the flint ground wet four 
hours has a greater surface area than the four hour ground 
spar, and the ratio between the amount of finest elutriated 
portion (0.01—0) and the surface factor in flint and spar is 
nearly constant or equal both in the normal and the four hours 
ground, showing that the amount of fine material is an indication 
of the surface factor, or if a lawn were at hand having the 
greatest dimension of its mesh 0.01mm., the amount of any 
material passing 120’s lawn and remaining on the fine one. would 
determine the fineness or surface area. 
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TABLE VII. 
Times. Proportions. Means. Extremes. 
Normal 57.2 : 52.85 :: 1950 : 1812 1030 1040 
4 hrs. 84.6 : 88. :: 2584 : 2543 2145 2169 


In comparison of the grinds of one hour wet and one hour 
dry, the spar shows no difference in surface factor, or practically 
none while the flint has a surface factor of 2279 wet and 2089 
dry, which would favor wet grinding, for in round numbers the 
wet grinding accomplishes the same result in forty minutes that 
is accomplished by the dry process in one hour, or a saving of 
one third of the time. If upon further investigation these figures 
should prove correct, it would be a strong point in favor of wet 
grinding. 

In an endeavor to see the effect of different degrees of fine- 
ness of flint and spar in a pottery body, at a heat equal to or 
above the melting point of spar, a few trials were made and fired 
at cone ten, and the following were selected as a basis for a series 
of experiments: Harris kaolin 30, Florida clay 25, spar 25, flint 
20. This body seemed suited for the purpose on account of quite 
a percentage of absorption, which would allow for vitrification if 
the action of the flint or spar were increased in any instance by 
fine grinding. 

The following table shows the fiint and spar normal, in dif- 
ferent grinds from twenty minutes to four hours, and elutriated: 


TABLE VIII. 


Sample Numbers. 
Ingredients. 





at enone A merle wes) val Plage 











Harris: ‘Kaolin ees ss | 30 | BO) S0i } 30 CE ee ee en 30 | 30 | 80 | 30 | 30 | 30 
Plovidar Cla ving see wee | 25 | 25 | 25 | 25 | 25 | 25; } 25°1-25 | 26.1).25 
INOPMAL Spar ss.) ae ei, Pas HWS ein Wists OV Wi 2 Mie Oo NO aeiti ls mihi aie 
Day ges TW 1 0 heh aR aIagy ol MAN 20 | 20 | 20 ab mein wie 

PReero CLIN Gs sik sels aleredull ess Hea ah e Hi i 20 4 yee Whee hh he 
PTAC a ATEN C's cei cia eletete) ioe SRL Bie 20 SE gone ed 

CUS aE od eRe UR MUNN neta: ie ae hi 4 1 NN UN ibs 
BNET Ha UPAR esol. BV alaslal\ Wve date mh <3 Ma , ee as UPR TNe ne 
SOREL TOANU Ry ADELE 3 ulbat ale thitallod eisai AONE ANON shies Nh nO onli Doar ti has BON ea Bie 
yO an ar) 3 ae A BUN ai 25 ibe er hie 
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TABLE IX. 
| Sample Numbers. 
Ingredients. Sriareataaia PUNE UGE Wain MTs TU TT 
11. | 12. 13. | 14. | 15. 
| 
Arnis) Kaelin iii... ee | 30 30 30 30 | 30 
Florida (Clavie sce aes biaiuee 25 25 25 25 
.04 —.025mm. Spar...... | 25 nie re ae st 
.025—.01 mm. Spar...... | ae 25 De ws 
-01 —.0 ‘mm. Spar... 2... oe hs 25 25 
.04 —.025mm. Flint...... | 20 Ae <i ue 
.025—.01 mm. Flint...... H 20 Le ws Ne 
.01 —.0 mm. Flint...... me ai 20 By 20 
Normal (Spari..si. deus nies | a ae 25 
Nonmal i: Bints. ce abun | | 20 me 
TABLE X. 


Sample Numbers. 
Ingredients. 





16. | 17. | 18. | 19. | 20 | 21. 














Harris ‘Kaolinisn ih cbs deeigeis le 30 30 20 30 | 30 | 30 
Blorigda | Clave cig al cleats 25 25 2 25 25 | 25 
Normal, Spar os.) s/c ee el Pee Say anes (Whe AE hs: a 
Normal: FYnty/o)65 9 cle 4a bce Mies Ji) CHAS 20, 

20 SOAs SPAR. Asie Glee wie cere ates a A | 25 lig 25 ed 
46° min: SOAR. sine! sate Mise iss he ale te 25 we 25 
2OP PVT Raa T licks ie boare ate anette 20 a an 20 ne 
40 Sains PIN Gey ee eae sated A 20 Ne 20 

| 

















The first fifteen trials were already made when it was 
thought necessary to have grinds of less than one hour. This 
will explain the numbers of Table X. 


TABLE XI. ABSORPTION. 




















pee a | Percent. Sane | Percent. Pee ee Percent. 
| | 

i | 2.75 8 0.91 | 15 0.07 

2 2.08 9 1.37 16 2.59 

3 1.40 10 0.05 | ay 1.90 

4 0.33 11 6.92 | 18 1.20 

5 Weivineaney 12 Ae an Mig 2.39 

6 2041 13 0.10 | 20 1.67 

7 | 1.12 £4 0.88 | 21 1.18 
| 7 


These trials were made small by necessity, since some of 
them contained the elutriated material of which only a limited 
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supply was obtained. They were mixed to a slip in a small mor- 
tar, dried on a plaster bat until workable, then pressed into 
molds to make slabs 114 in. x 3 in. x 4 in. These slabs were set 
on edge and partly embedded in flint, that is, enough to hold 
them in upright positions, and ail in one saggar so there could be 
no difference in temperature, a check of two cones (10), one 
placed in each end of the saggar was used, and both fusing and 
bending exactly alike. 

No. 1, containing spar and flint normal showed a rough and 
dry fracture with a somewhat variable structure, that is to say, 
the spar and the flint are in part coarse grains. When these 
larger grains melt, from a lack of fine materials to combine 
with the spar, they remain as such without holding flint or 
kaolin in suspension or solution or combining with them. Nos. 
18, 19, 2, 3, 4, represent flint normal with spar ground twenty 
minutes to four hours, the fracture remains about the same con- 
cerning roughness, but the particles seem to be cemented together 
more intimately, and from the absorption table this would be 
erue, 

Nos. 16, 17, 5, 6, 7 have a constant of normal spar with the 
grinds of flint varying from twenty minutes to four hours. These 
results are inferior to previous ones because Nos. 5, 6, 7, were 
found to be improperly mixed and contained flakes of flint par- 
ticles showing white dry spots, and if these are mostly the finest 
of the flint the results are far from accurate. Comparing Nos. 
i7 and 19, which represent equal grinds of flint and spar re- 
spectively, there appears a difference in results in favor of flint, 
but the other numbers are so erratic nothing definite can be 
proved. 

Nos. 20, 21, 8, 9, 10, show a gradual increase towards vitrifi- 
eation, and upon consulting Table XI it is found that the absorp- 
tion runs from 1.67% to 0.05%, or probably none. In trials 11, 
12, and 13, elutriated spar and flint were used. No. 11 was a 
very porous body with 6.92% absorption. No 12 had a somewhat 
finer texture and fracture, but showed 5.03% absorption. No. 18 
was a fine-grained, slightly blueish body, showing little or no 
absorption. No. 14 showed as compared with No. 13 a dryer 
fracture, and color whiter (a little toward yellow) with 0.88% 
absorption. No. 15 showed a whiter body than either 13 or 14, 


184 EXPERIMENTS WITH FINE GRINDING OF FLINT AND SPAR. 


vitreousness the same as 13 with no absorption. By comparing 
Nos. 18, 19, 2, 3, 4, with 16, 17, 5, 6, 7, we should be able to see 
the relative merits of spar versus flint grinding, but the results 
are not complete, however, the trials which seem to be made cor- 
rectly would tend to confirm the idea that the erinding of flint 
exerts a greater influence on the body than the grinding of spar. 

Trials Nos. 20, 21, 8, 9, 10, with spar and flint both eround 
twenty minutes to four hours, serve to show the relative action 
of different grinds of materials and to make a comparison with 
their corresponding surface factors, that is, No. 1 contained nor- 
mal flint and normal spar, with surface factors 1950 and 1812 — 
respectively, while No. 10 contained four hour flint and four 
hour spar, with surface factors 2584 and 2543 respectively, and 
the increase in grinding reduces the absorption from 2.75% 
to nothing. 

Nos. 11, 12, 13, show the effect of different elutriated por- 
tions of flint and spar, 0.04—0.025mm., 0.025—0.01mm., 0.01—0, 
and show absorptions of 6.92%, 5.03%, and no % with corres- 
ponding surface factors 448, 832, and 2912, which adds further 
testimony to fine grinding, for it is dependent on the finest 
particles which are produced only by continued grinding. The 
fine particles seem to have a greater effect than their surface 
factors would indicate, and the following explanation is offered: 
The weight, of particles under 0.005mm. probably exceeds that of 
diameter 0.005—0.01lmm., and would have a correspondingly 
increased action while in figuring the surface factors only the 
average dimension is used, regardless of quantity. It would seem 
likely that the average effect of grains between 0.01mm. and 0 
would vary with different grinds. 

No. 14 has normal flint and 0.0imm.—0 spar and No. 15 vice 
versa, and from them we see the relative merits of grinding flint 
and spar separately, for No. 15 excels in vitreousness and white- 
ness. No. 15 is superior to No. 18 in whiteness and equal in 
vitreousness, the conclusion of necessity being that the fine grind- 
ing of flint alone is preferable. 

All of the twenty-one trials were dipped in a glaze of Seger 
cone four composition, and fired to cone nine to ten. They were 
just a little under fired, and had a slightly orange skin surface, 
but without crazing or shivering. 
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While these experiments have been carried on only in the 
laboratory, and not in a practical way, they show: 

That there is much yet to be done in this line of work. 

That it is possible to have a more accurate test for fineness 
than the mere passing of 160’s lawn. 

That it is better to grind flint than spar. 

That the surface factor of flint should be about 2500, and 
that of spar from 2500 to 1800. 
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NOTES ON THE PRODUCTION OF CRYSTALLINE 
GLAZES. 
BY 
Ray T. Sruuu, E. M. (in Cer.), Elkland, Pa. 


Perhaps no other portion of the ceramic field is more invit- 
ing for experimental work than the field of crystalline glazes. 
Certainly no other branch of glaze making is capable of produc- 
ing so many beautiful and startling results. Up to the present 
time, the work which has been done in Europe and America in 
crystalline glazes has opened up a new field, not yet popular with 
the public, but of the most intense interest to the scientific student. 

Crystalline glazes may be divided into two classes. First, 
those in which the crystals are produced by the so-called super- 
saturation method, and second, glazes in which the entire mass 
has a erystalline structure. 

The first class comprises the Aventurine glazes, as the 
““Goldstone’’ or ‘‘Tiger-eye.’’ Such a glaze is produced by a 
mixture in which there is an excess of one or more metallic 
oxides, or by applying these oxides to the body or bisque before 
dipping in the glaze. Upon firing, the glaze proper or glassy 
matrix liquefies. This liquid is capable of dissolving more or 
less of the metallic oxide or oxides present. In cooling, the 
capacity of the glassy liquid to hold its dissolved material in 
solution is lessened, hence the excess is deposited as crystals 
within a glassy matrix, or produces an opaque result due to 
incipient crystallization. | 

The second class comprises the true matt glazes, or those in 
which the whole mass is crystalline, and those glazes in which the 
crystals arrange themselves in groups and fern shapes not unlike 
the appearance of galvanized iron, frost crystals on the window, 
or crystals produced by a solution of epsom salts on a plate glass. 

The writer’s first experiments in erystalline glazes were con- 
ducted for the purpose of determining, if possible, what total 
oxygen ratios were best suited to the production of crystalline 
effects. It was found that erystalline glazes could be produced 
with almost any total oxygen ratio, depending primarily upon 
the composition of RO, and secondarily upon the acid elements. 
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These glazes were mostly of the matt type, and not the kind that 
were sought. 

The total oxygen ratio idea was abandoned, and the next line 
of experiments was carried on for the purpose of determining 
what ceramic materials gave to glazes the best tendencies to erys- 
tallize. The results of these experiments seemed to permit the 
following general deductions: 

I. The strongest crystalline tendencies are given to glazes 
by those chemical elements of low atomic weight whose oxides go 
to make up the RO, such as sodium, potassium, magnesium, eal- 
clum, manganese, iron, zine, ete. 

II. Those metals of high atomic weight, such as barium, 
lead, etc., seem to impart a glassy nature to silicates when used in 
sufficient quantities, which is unfavorable to crystallization. 

III. Those chemical elements of higher atomic weight 
whose oxides make the acid portion of a glaze such as silicon, ti- 
tanium, phosphorus, ete., produce the best crystallizing agents, 
while those of lower atomic weight, as for example, boron, having 
an atomic weight of 11, impart a fluidity and brilliancy to a glaze 
which is detrimental to crystallization. 

IV. The introduction of an R,O, materially assists crys- 
tallization in some cases, while in others it is detrimental to it. 

After determining what materials were the best erystallizers, 
the next problem was ‘‘How should they be combined in order 
to produce the best crystalline results?’’ Since beautiful erys- 
taline silicates are found in nature, the subject of mineralogy 
was consulted. The idea which first suggested itself was, ‘‘ Why 
not make artificial mixtures representing silicate minerals and 
use them for glazes?’’ This was tried with a small degree of 
success. 

In attempting to make erystaliine glazes whose final formu- 
lae correspond to those of natural silicates, one finds himself 
restricted to those silicates which have neither water of combina- 
tion or crystallization. This confines one mostly to the following 
twelve mineral groups: 


1 Feldspar 5 Nephelite — 9 Chrysolite 
2 Leucite 6 Sodalite 10 Phenacite 
3 Pyroxene 7 Helvite 11 Zircon 


4 Amphibole 8 Garnet 12 Danubite 
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A great many of the minerals under the above groups are 
fusible at ordinary ceramic heats, but the results obtained from 
ceramic mixtures corresponding to such minerals were mostly 
disappointing. Perhaps this was largely due to the fact that the 
conditions under which these minerals exyatalliZed. in nature 
could not be duplicated in the kiln. 

The best results of the writer were produced in a manner 
similar to the following: 

Mineralogically the silicates are divided into the following 
groups: 

I. Disilicates, RO, 2 810, 
II. Polysilicates, 2 RO, 3 Si0,. 

III. Metasilicates, RO, Si0,.. 

IV. Orthosilicates, 2 RO, Si0,. 

V. Subsilicates, whose true composition is doubtful. 

Let us now select any one of these groups in which to 
experiment, as for example the metasilicate group, and from this 
group select a mineral, as for instance, wollastonite; (CaO,Si0,). 
It would not be practical to make up a glaze whose final formula 
would theoretically correspond to this, because it would require 
too high a temperature to develop it under ordinary working 
conditions: but we may soften it down by replacement, as for 
example, by substituting Na,O for part CaO and still maintain 
it a metasilicate. 

Theoretically this replacement should be made in a simple 
ratio of Na,O to CaO, as for instance Na,O :CaO::1:1, or 1:2, or 
1:3, or: 2:3, ete, 

By making up a glaze according to each of these ratios we 
would have: 


Ceramic Formula. Mineralogical Formula. 
0.5 Na,O ; 
( SiO Na,O, CaO, 2 SiO 
0.5 CaO \ - P- wad ’ 2 
066 Bo: \ Sid, Na,O, 2CaO, 3 SiO, 
075 Gao} S10, Na,0, 3Ca0, 4 SiO, 
0.2 Na,O : ' 
08 Cao } Si0: Na,O, 4 CaO, 5 SiO, 


These glazes would all come under the head of metasilicates. 
Na,O may be replaced wholly or in part by K,O, and CaO 
may be replaced wholly or in part by MgO, FeO, MnO, CoO, 
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ZnO, CuO, ete., or combinations of them acccrding to the above 
molecular ratio theory; but it is better to keep the RO down to 
one, two or three metallic oxides for the following reason, viz: 
Increasing the number of metallic oxides in the RO tends to 
increase glassiness as well as fusibility. 

The acidity of a glaze may be raised, bringing it from one 
silicate group into the next one higher, as for example, from a 
metasilicate to a polysilicate, or from a polysilicate to a disilicate, 
and similar laws may be followed for substitutions in the acidity 
as are followed for substitutions in the RO. 

In like manner any other mineral from one of the above 
named groups may be selected as the starting point for experi- 
ments. 

Since the use of titanium oxide in glazes showed that they 
had a strong tendency to crystallize, a titano-silicate mineral, 
known as astrophyllite, was selected for the starting point. The. 
general formula of this mineral is R’,R’”’, Ti (SiO,) , or (RO, 
4 RO, TiO,, 48i0,), in which R’=H, Na, K and R’—Fe, Mn 
chiefly, including also Fe,O,. It occurs in elongated erystals, 
also in thin strips or blades; sometimes in stellate groups.* 

In making up experimental mixtures, based on the astro- 
phyllite formula, other members of the RO family besides FeO 
and MnO were tried. Applied as glazes, they come from the kiln 
with a dry or dull surface, with occasional crystals in small 
stellate groups. After working for some time in this direction 
without success, it was decided to try the effect of increased 
acidity, which was raised from R’,R”,5 acid to R’,R”, 12 acid, 
which may be written, R,O0,2(RO), 6 acid. This formula is very 
suggestive of the feldspar formula, except that 2(RO) takes the 
place of Al,O,, and the acid being made up of part TiO, instead 
of all SiO,,. 

Before the acidity was raised, it was discovered that the 
addition of a small amount of Al,O, increased the size of the 
erystal groups. It seemed possible that the Al,O, took the place 
of Fe,O,, which sometimes occurs in astrophyllite. The great 
objection to Al,O, is that it tends to increase the dryness or dull- 
ness of the surface. The best results, however, were obtained 
from the formula R,O, R,O., 6 acid, in which Al,O, was left out. 


* A Text Book of Mineralogy, Dana, pp 487, 1900 Edition. 
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Under favorable conditions, a glaze having a strong tendency 
to erystallize will do so on either a raw or biscuited body, but 
the best results are obtained by applying the glaze over a 
hard vitrified body which has been fired two or three cones 
higher than the temperature at which the glaze matures. 

The glaze should be of such a nature that when fused it has - 
a medium degree of fluidity or mobility, and should be applied 
quite thickly, especially at the top of the piece to be glazed and 
allowed to flow down the sides. 

The heat treatment depends upon the composition, physical 
nature and erystalline tendency of the glaze. When the firing 
temperature has not been carried high enough, or has been 
stopped too suddenly, the glaze will frequently lie in too thick 
a layer upon the piece, crystallizing in a matt surface. 


The firing should be stopped at the right stage, so that 
enough glaze remains upon the piece in order to form the erys- 
tals. If the glaze has a strong tendency to crystallize, the cooling 
period need not be very long. Glazes with a weak or slow tendency 
to crystallize should be given longer time in which to cool. 

When the glaze has been over fired, or the temperature for 
maturing held too long, the glaze will frequently *‘drain ai, 
not leaving a layer thick enough to form crystals. It 1s probable 
that the thin layer remaining unites with, or dissolves a portion 
of the body surface, forming a new glaze of unknown formula. 


Proceeding as indicated above, the writer succeeded in pro- 
ducing glazes which gave very large and fine crystalline effects. 
In fact, the vigor of the crystallization is too great rather than 
too small, as where the conditions are correct, the glaze erystal- 
lizes so coarsely as to mar the smoothness of the glaze. One most 
surprising and noteworthy phenomenon in this connection was 
observed: where a crystalline needle happened to be growing 
vertically upwards, it would sometimes fail to turn the compara- 
tively sharp angle at the shoulder of the vase where the con- 
striction for the neck begun, but would be projected out into the 
atmosphere in a straight line with its previous direction. These 
crystals thus formed occasionally a fringe of long sharp needles 
projecting an inch or so from the point where they left the glaze 
matrix. Illustrations of erystalls growing from a fiuid out into 
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a gas are not unknown, but when the fluid is a red hot silicate, the 
instance is certainly unusual, if not new. 

The character and size of the crystalls obtained in the pre- 
ceding experiments may be seen from the photographs reproduced 
in figures 1,2,3 and 4. Their striking similarity to the frostwork 
on a window pane will be noticed. Also their relationship to the 
erystalls formed on glazes by epsom salts, (Fig. 5) or on iron by 
molten zine (Fig. 6). These substances, also when they erys- 
tallize in a thick layer, produce a dull frosty or matt surface. 

Whatever the actual composition of the crystalline mineral 
may be which forms so persistently in this glaze, it still seems to 
have the power to absorb coloring matter, or to use coloring 
oxides as a part of its make-up. The base of them all is the same 
pearly white frit. All the common colors are easily produced by 
adding from .03 to .05 of the coloring RO to the formula instead 
of substituting it into the formula; for example, in the case of the 
blue crystals, the formula theoretically would be, R,O, 2(RO)6 
acid+0.03 CoO. With the exceptions of cobalt and uranium, 
(and in some eases copper, which is quite volatile), any increase 
of coloring oxide above .05 seems to act as an impurity, which 
interferes with crystallization, but in most cases .03 of the color- 
ing oxide may be added without materially retarding crystalliza- 
tion. A little Cr,O, will produce crystals of a peculiar chrome- 
green color, but when increased to any extent it destroys the 
erystalline grouping, producing long needle-like crystals, giving 
a pleasing matt effect. 

The satiny surface of the most beautiful and rare matt 
glazes is due to the interlacing of long needle-like erystals, whose 
major axes are approximately parallel to the glaze surface. The 
formula of such a glaze generally classes it under the head of a 
polysilicate or metasilicate. 

The ordinary matt glaze generally has a formula which is 
more complex, or one which would place it somewhere between a 
disilicate and a polysilicate, a polysilicate and a metasilicate or a 
metasilicate and an orthosilicate. Such a glaze when examined 
earefully under the microscope will often reveal two or more 
erystalline forms belonging to two or more erystalline groups or 
Systems. 

Although there is no evidence at hand as proof, the follow- 
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ing explanation is suggested: The formula of a matt glaze often 
places it somewhere between two silicate groups. This glaze when 
fused is a complex silicate mixture. Upon cooling, these com- 
plex silicates break up, crystallizing out into the simpler forms, 
each form having a different composition. The same thing is 
met in nature in the granitic rocks, which are mixtures of crys- 
taline minerals composed principally of hornblend, mica, feld- 
spar and quartz. 

The composition for a good matt glaze should be such that 
the glaze in fusing has a slight flow, and yet be viscous enough 
to retain a sufficiently thick layer so as to crystallize, giving a 
matt surface. The viscosity of most matt glazes is due to the 
fact that they are either highly basic, highly aluminous, or con- 
tain a high content of tin oxide. 

A great many matt glazes on the market are highly basic. 
This is proven by the acid test. Dip a matt glaze in hydrochlorie 
acid or place it over a beaker of strong hydrochloric acid so that 
the fumes can strike it. If it is readily attacked by the acid it 
is evidence that the glaze is of the highly basie variety. Most 
matts which stand the acid test are those maturing at or above 
cone 3, but not all matts maturing at these temperatures will 
withstand the test. 

The majority of matt glazes of the basic variety when over 
fired have a tendency to become brilliant. This may be due to 
the three following causes: First, volatilization of part of the 
base, which is practically the same as increasing the acidity. 
Second, the body being highly silicious and the glaze highly 
basic, the base would naturally unite with more or less silica, 
hence increasing the acidity. Third, there is an interference to 
free crystallization due to thinness of the glaze layer and change 
in its composition. 

In experimenting with crystalline glazes, one should not 
arrive at a conclusion or be contented with one single burn, but 
trials should be placed in different parts of the kiln and several 
burns should be made; for the reason that unaccountable factors 
often enter to change the final results. 

This is especially true in the kiln. Three burns of the same 
glaze mix were made before the result represented by Fig. 1 was 
obtained. Often several vases with glaze applied from the same 





IN DIAMETER. 


nas 
2 


Fic. 4—STELLATE CRYSTALS, 1” TO 1 





NOTES ON THE PRODUCTION OF CRYSTALLINE GLAZES. 193 


mix are burned together in the same saggar. On removal from 
the kiln there may be one vase completely covered with an ex- 
tremely beautiful erystalline formation, while all the other 
vases surrounding it may have their crystals arranged in differ- 
ent formations, or have very few crystals or none at all. Why 
this wide difference in final results should occur is hard to de- 
termine. : 

Apparently they all receive the same treatment throughout. 
If there is any difference in temperature in close proximity with- 
in a saggar, this difference is so small that it cannot be detected 
by the pyrometer or by the use of cones. 


DIScUSSION.* 


Mr. 8S. Geijsbeek: Mr. Stull mentions willemite, the natural 
zine silicate, Zn,SiO,. I has been stated several times in recent 
literature that this mineral is a good material for producing erys- 
talline effects, but in making some experiments along this line, I 
have not found this mineral to be of any great value. 

It appears to be better to make this mineral formation in 
the glaze, in order to enable the willemite to crystallize out of the 
recrystallize itself. As it is hard to carry zine in the RO bases 
glaze, than to introduce the willemite as such, and have it merely 
of a glaze to a high amount, it is easier to reproduce the effect by 
super-saturation and using two glazes. 

Starting with a glaze of the Bristol type, I progressively 
saturated the same with zine oxide, until the last member of the 


series was 
0.075 K,O 
0.175 CaO 0.125 Al,O,, 1.00 SiO, 
0.750 ZnO 
This glaze showed some signs of crystallization on a nearly 
vitritied biscuit body. The glaze itself was poor, and changing 
the formula so at to produce a clearer glaze, the result was 
0.12 K,O 
0.28 CaO 0.16 Al,O,, 1.04 SiO, 
0.60 ZnO 
Sometimes this glaze would erystallize, but the clear glaze 
was more in evidence. It was plain that this glaze was just at 
* Mr, Stull’s paper was first given as an off-hand talk without preparation. Subsequent 
ly, he revised the stenographic notes, in the above form and added the illustrations. The dis- 


cussion following was the one actually held on the extempore talk and does not wholly connect 
into the paper as now printed.—EDITor. 
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the point at which it was saturated with zine oxide, and that 
some additional zine would always produce crystalline separa- 
tion. . 

After some experimenting by raising the zine in the RO 
bases, and more or less addition of SiO, in order to make the 
glaze mature at cone 8, it was found that this method was not 
very satisfactory for producing better results. I then tried the 
method of using two glazes, one on the other. Using the clear 
glaze formula mentioned above, I dipped the burned ware in a 
mixture of the composition, 2 ZnO, SiO,. The results were no 
better. Using less zine, the next experiment was a coat of ZnO, 
SiO,. It gave a matt surface in which the crystalline effect was 
present, but not pronounced enough. The crystals were plenti- 
ful, but small in size. I raised the acidity in the coating to ZnO, 
2 810,, and produced some nice crystals about the same as on 
this little jar (indicating). 

The shape of the erystals are needle-like star formations, 
and well defined. As there was no coloring matter in these ex- 
periments these crystals were pure zine erystals. If I dipped the 
biscuit piece first in the glaze, and after the same was dry in the 
second zine mixture, the effect was not as good as by burning 
the glaze first, and giving it a second fire with the zinc silicate 
coating. 

The production of this crystalline effect is no doubt caused 
by the saturation of the glaze with zine. 


As I was working at that same time with colored glazes, 
such as Seger used on Seger porcelain, I coated these once burnt 
glazes with this same zine silicate mixture, which gave the best 
erystalline effect. 

The formula was 


0.8 KO 


Al,O;, 4 SiO, 
0.7 CaO 


with either chromium, nickel or cobalt for color. I got some 
very pretty effects, and while I did not get as large crystals as 
Mr. Stull shows us here, they were larger than in the plain zine 
olaze. 

There was one strange effect which I got with nickel. The 
dark blue cobalt glaze turned out a light sky blue, but the nickel 
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glaze which was brown in the first fire, became the prettiest 
Persian blue I ever saw. I am sorry I did not bring a sample 
with me to show you the color which it produced. I was as- 
tonished to know that from nickei, a blue color could be pro- 
duced; it must be a nickel zine silicate. In chromium, the origi- 
nal green disappears and the color turns brown, more like the 
ordinary nickel color. 

Gentlemen, this about covers my experience with crystalline 
glazes. 

Mr. A. V. Bleininger: I would like to ask Mr. Geijsbeek 
whether he has examined the nickel in regard to possible traces 
of cobalt? Last summer Dr. Pukall, Director of the Ceramic 
School at Bunzlau, said in regard to obtaining blues from nickel, 
that in every case he found traces of cobalt in the nickel. It is 
well known that the two metals are hard to separate. 

Mr. Geijsbeek: That may be where the blue came from. I 
think I used as pure a nickel as we can obtain, but there may 
have been small traces of cobalt in it. I have found data to the 
effect, however, that Le Chatelier and Chapuy in Paris obtained 
the following list of colors with nickel in oxidizing fire, viz: 
violet, blue, green, yellow, red and brown. Dr. Zimmer in de- 
scribing the erystal giazes of the Royal Copenhagen Porcelain, 
also mentions the fact that they produce a Persian blue with 
nickel and blue erystals of the same shade. 

Prof. Binns: That is a most interesting point, one quite 
new to me. I have done some work along this line, using a 
soluble nitrate of nickel, dissolving it and charging the biscuit 
ware with the solution, then covering with a crystalline glaze. 
I found the body a light brown and the crystals blue. I know 
eobalt has a fashion of following crystals, similar pieces charged 
with a solution of cobalt nitrate will show dark blue erystals on 
a pale blue ground, which becomes almost colorless at times. | 
However, what Mr. Bleininger said is true, and the suspicion is 
that the action of the erystallization has withdrawn the cobalt 
from the nickel and left the nickel to color the body. It is an 
interesting suggestion, and I hope it will be followed out. 

Mr. W. D. Gates: I want to call Mr. Stull’s attention to 
one point of which he omitted to speak; and which is a very 
interesting thing in this crystalline ware. It is the tendency of 
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of the crystals to absorb the coloring oxide from the enamel 
mixture in some instances, and in others to refuse to absorb it. 
It seems as if the erystals had a selective capacity for some colors 
and an intense dislike for others. I have no pieces here which 
show that, but it is very clearly seen on some of the pieces. The 
crystals sometimes are surrounded with a rim of undissolved 
particles of coloring oxide, which they seem to have expelled 
from the area of crystallization, while in other oxides the color 
was all taken up. 

Prof. Edward Orton, Jr.: 1 would like to inquire of Mr. 
Stull whether the crystalline effects in the pieces he has shown 
here are produced by the application of two different glazes, the 
lower one to produce the glaze and the surface matt the crystals, 
or whether the glaze coat is all one thing? 

Mr. Stull: It is all one thing. The glaze is applied on the 
biscuit. I have, in some cases, put it on a raw body. I have 
gotten the effect on fire brick and on red and buff clay. If 
the glaze composition is right, and the firing is right, the crystals 
will form on almost anything that will withstand the temperature 
for maturing the glaze. 

Prof. Orton: Do I understand that these formulae you 
have put on the board are the actual formulae of glazes from 
which you have worked? 

Mr. Stull: Yes; as nearly as I can give them from memory. 

Prof. Orton: I had a different idea previously, and asked 
the question to reassure myself. 

Mr. 8. G. Burt: We are all interested in crystalline glazes, 
and I have been trying to settle my mind on the question of the 
absorption of cobalt color out of a glaze as a whole. I remember 
speaking two years ago to Mr. Bleininger on the subject, and his 
saying that it was perfectly possible that crystals of zine silicate 
and cobalt silicate should mutually incorporate each other, if 
both are of the same erystalline form. Professor Binns has sug- 
gested the possibility of the color being merely drawn up, in the 
absorption sense. And I was thinking this afternoon of the 
interesting remarks by Mr. Cushman on colloid bodies, and their 
absorption of colors. Which of these methods really prevails? 
I don’t feel satisfied that these are combined crystals from cobalt 
and zine. If the two silicates erystallize together, it seems that 
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the resultant body should take on a new and different character. 

Mr. Stull tells us that the piece with the large blue crystals 
is of the identical composition of the small piece in which the 
naked eye can detect no crystals, though the microscope shows 
millions there. It seems to prove what I read some time ago, 
that one crystal will go on eating up others growing larger all the 
time; so that, given the proper conditions, the size of the crystals 
seems almost unlimited. I should like to know whether Mr. Stull 
has been able to take the iron oxide, of which he speaks of as a 
good erystallizing agent, but of which the crystals generally are 
very small, and maintain such a condition as will cause them to 
grow to larger crystals? 

Mr. Stull: The first crystals which I produced were from a 
formula similar to astrophyllite, which is composed of iron, pot- 
ash, silica and titanic oxide, and is high in iron. Those erystals 
were dark iron red, but small. 

Professor Chas. F. Binns: They belong to the same crys- 
talline system ? 

Mr. Stull: Yes. 

Professor Binns: Why can’t they be built larger? 

Mr. Stull: They might be, if carried further. By raising 
the acidity, we might get larger crystals. The erystals will dis- 
solve 0.03 equivalents of manganese readily, as a coloring agent, 
but not any more. On the edge of the crystals, the excess oxide 
will not be erystalline, and will look darker than the crystal 
itself. The addition of a little iron with the manganese gives the 
erystals a deep, rich brown color. ‘The crystal then seems to take 
all the manganese it can hold. It takes copper readily, and a 
peculiar thing is that many times on the outer edge of the green, 
the crystal will be red. What this red is, I do not know, unless it 
is a lower oxide of copper. I also had some large pure white 
crystals, fired in the same saggar with the copper green, which 
came out fringed around the outer edge with red—possibly due 
to the volatilization of the copper. | 


NOTE ON A BLACK SPECKLE FOR USE ON A 
RED FACE BRICK. 
BY 


LAWRENCE E. Barrincer, E. M., (in Cer). 


Research Laboratory, General Electric Co., Schenectady, N. Y. 


For a number of years face brick have been made in a 
variety of colors and shades. The clays in general use as the 
basis of these colors are usually buff-burning fire clays which, 
by the introduction of ground pyrolusite, are converted into 
light and dark gray, gray speckled and buff speckled, according 
to the amount and degree of fineness of the manganese ore. With 
the same class of clays, brown and oid gold and other shades are 
produced by ‘‘flash’’ firing. 

With red-burning clays there has not been attempted much 
variety of shade beyond the pink or terra cotta colors produced 
by blending red and buff clays in certain proportions. 

At the suggestion of Mr. L. G. Kilbourne, of the Columbus 
Brick and Terra Cotta Co., the writer undertook several years 
ago to produce a ‘‘red mottled’’ brick: i. e., a black speckle on a 
red body, corresponding to the buff mottled brick obtained by ad- 
ding coarse pyrolusite to No. 2 fire clays. The raw pyrolusite could 
not be used in the red-burning clay, as in the buff, because at the 
temperature at which the red clay burned to a hard, dense body 
(cone No. 1) there was.no fluxing effect on the pyrolusite, and it 
remained in the body only as hard black unfused grains, like 
powder grains, entirely different in appearance from the fused 
patches obtained at cone No. 8 when used in the buff clay. 

Accordingly, it was necessary to use a manganese frit which 
would fuse into the clay at the temperature at which the red clay 
bricks were burned. The clay was a shale overlying the Lower 
Mercer fire clay, and when made into dry press bricks burned 
hard at cone No. 1 to a rich, dark red. 

After a few trial irits, it was found that one of the com- 
position 

‘747 MnO, \ 
253 Na,O | 


198 


509 Sid, 


BLACK SPECKLE USED ON A RED FACE BRICK. 199 


gave satisfactory results as to the melting point and color. The 
materials used were commercial ground pyrolusite, soda ash and 
flint. The pyrolusite used analysed 


TPG For eae ee eile aie oy Au aie alle 81.01 
PPO memre BELG Ce a on ey. 5.73 
Silicious Residue......... 13.26 

100.00 


Most of the ores on the market contain both silica and iron, 
and in compounding the above frit it would be necessary to de- 
termine and allow for the silicious residue. The iron does not 
interfere seriously with either the color of the frit or its melting 
point. a 

The first ei were melted in flint-lined fire clay crucibles 
in a blacksmith’s forge. Later a gas furnace was used and 
finally, when it became necessary to make up large quantities of 
the frit, a frit furnace was devised to work continuously and do 
away with the crucible. To this end, a furnace was constructed 
having an inclined, fire-brick floor sloping at an angle of about 
30°. Above the upper end of this melting floor, in the roof of the 
furnace, was an opening through which to introduce the raw frit 
mixture, while below the lower end a receptacle was placed to 
receive and chill the molten frit. A stack was built at the upper 
end of the furnace, and natural gas burners arranged at the 
lower end. The sketch, Fig. No. 1, shows the general idea of the 
furnace, being a longitudinal section through the middle. With 
this furnace 100 pounds of frit could be very easily melted in 
eight hours. The receptacle to chill the frit may be made of 
galvanized iron and should be provided with inlet and outlet 
tubes to take off the hot water OVERFLOW 
and feed in cold water in or- 
der to keep the temperature 
down. The front should be 
shaped as shown, so as to al- 
low removal of the frit with a 
shovel or scoop without dis- & eee 
turbing the receptacle. WATER INLET 


The fused frit was ground in an iron ball mill to the re- 
quired degree of fineness. 
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At first the attempt was made tv secure the effect by mixing 
in with the red clay a certain per cent. of the ground frit, thus 
disseminating the grains all through the body. For this purpose 
the frit was used in grains from 30 to 60 mesh. Different per- 
centages were tried, and half-size dry press bricks were made of 
the mixtures and burned to cone No. 1 in a small experimental 
kiln, the bricks being set on flat. The result was a beautiful 
glassy speckle all through the red body, showing about the same 
on the inside as on the outside of the body. The frit had fused, 
but in beads too small to be noticeable at a distance, and even 
with three per cent. of frit, the highest amount tried, were en- 
tirely devoid of any striking effect. On trying to increase the 
size of the spots it was found that 3 per cent. of frit, in grains 
from 24 to 40 mesh, gave fair results, but the large amount of 
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the contained frit in grains of this size fiuxed the clay consid- 
erably, and resulted in cavities in the face of the brick which 
detracted seriously from its appearance. Facing the brick was 
tried and gave larger and more effective blotches, but did not 
remedy the trouble of cavities. Another great disadvantage of 
using the frit in this way was that of the expense of the process. 
It required much labor to get the frit in the size of grains de- 
sired, and a large part of it had to be remelted, having been 
ground too fine. 

The scheme of grinding the frit to a fine powder, making 
this into a slip and spraying this on only the faces of the bricks 
was then thought of, and some of the frit was accordingly ground 
to 120 mesh, made into a thick slip and flecked onto a truck load. 
of bricks with a brush. These were placed in the kiln as usual 
and were burned faced. The result was a red face mottled with 
glossy black spots, which gave the desired effect. 

The work was now continued on a larger scale, and an 
atomizer worked with a foot bellows was tried as a means to 
spray the slip on the bricks, but this was found to be undesirable 
on account of the spots being of too uniform size. There was 
also considerable trouble with the atomizer connections clogging, 
as the frit settled very fast, choking up the tubing. By speckling 
with a brush by hand the size of the spots could be varied at will, 
and the method was also sufficiently rapid. An ordinary shaving 
brush was found satisfactory, and with this and a pan of slip 
the bricks would be speckled over the faces as they lay on the 
truck. This was done as each truck passed on its way to the kiln. 
and required about a minute. The mottled bricks were burned 
in the usual way in a continuous kiln. As the front of the cham- 
ber was approached in setting, this being the hottest part of the 
chamber, the frit was slightly stiffened by the addition of flint. 

On drawing, the sorter divided the bricks into coarse, med- 
ium and fine, depending upon the size of the speckle. The best. 
effect was given by the heavy blotches. 

In burning a number of kilns of red mottled brick, a little 
trouble was experienced by sticking, no sand being used in set- 
ting. It is preferable to use a red-burning sand on the faces of 
these bricks, as a little overfiring causes sticking. 

The residences built of these brick were very pleasing in 
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appearance. For Colonial or old English styles of architecture, 
the red mottled brick are especialiy suited, and the effect in 
houses of this type would be very desirable. Red or black mor- 
tar of course should be used. 

Another use to which the black frit can be put is the pro- 
duction of black headers for use in Flemish bond. The frit is 
made up into a slip and painted on the green bricks with a 
brush, or it may be atomized on. 


THE CONSTRUCTION OF A WHITE WARE 
POTTERY. 


Discussion By L. H. Barrincer, Schenectady, N. Y. 


As Mr. Watts states in concluding his paper on ‘‘The Con- 
struction and Equipment of a White Ware Pottery,’’ the sug- 
gested plans and equipment would require modification to suit 
the location and local conditions. Apart from such special con- 
siderations, however, there are several points in the plans and 
paper open to discussion along the lines of general convenience 
and economy. 

The arrangement of the raw material bins, as proposed by 
Mr. Watts, is such as to necessitate conveyance to all except two 
of the bins, and an additional haulage or conveyance to the 
blungers. A better plan would be to build these bins in a single 
row running along one side of the slip house, so that the clay, 
flint, spar, ete., could be thrown or dumped direct from the car 
into the proper bin. The bins thus arranged would also render 
charging of the blungers more convenient than otherwise. The 
general idea of such an arrangement is shown in the accompany- 
ing sketch. By also slightly rearranging the saggar shop and 
boiler room, as shown, the railroad tracks could be brought con- 
veniently past the bins for the saggar clays and the coal bin for 
the boiler house. The boiler room in Mr. Watt’s plans stands 
some distance back from the track. By this modification we 
would thus have the coal bins for both kilns and boilers, the 
sagear clay bins and the ware material bins all convenient for 
unloading direct from the cars. This would also prove a more 
compact arrangement, and bring several projecting wings into 
one building. 

Mr. Watts recommends a separate room for placing and 
saggar storage, to get this work away, he says, from ‘‘a dirty, 
smoky kiln room.’’ No reason is given why this condition should 
exist in the kiln room, but anyone who has visited many large 
potteries will admit that in ninety-nine cases out of a hundred 
the kiln room arrangement is clumsy and inconvenient, and is: 
usually, dirty and smoky. In some of the largest potteries in the 
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Fig. 1. 


country in going through the kiln room one must pick his way 
around piles of saggars and placing benches seattered carelessly 
about, over coal and ash heaps, and in some eases even broken 
saggars. Not only kilns which are under fire are surrounded by 
a ring of coal, but if by any chance there has been coal left over 
when a kiln was fired off there it stands until the next burn. 
This persistent practice of potters of dumping coal around a kiln 
to be fired is one of the chief reasons for the prevalent untidiness 
in the kiln room. Mr. Watts not only recommends this plan of 
distributing fuel, but for the purpose proposes a system of ele- 
vated tracks which would probably add to the complications in 
the kiln room. With a simple system of surface tracks around 
the kilns it is possible to maintain a most orderly and decently 
clean kiln room in any pottery. These tracks should extend to 
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the coal bins; and turn-tables properly placed enable a car to be 
run entirely around a kiln. The coal is brought from the bins 
on ears and thrown from these cars direct into the kiln furnaces, 
no coal whatever being dumped on the floor. A side-drop ear of 
about one ton capacity is a convenient size to handle, and will 
hold sufficient fuel for from several to a dozen firings, depending 
on the condition of the fires. There should be at least one car for 
each two kilns. The car system can also be used to remove ashes, 
clinkers, broken ware and saggars. The arrangement in the case 
of the pottery designed by Mr. Watts would be as shown in the 
sketch. The branch leading to the saggar shop is for the purpose 
of conveying the broken saggars to that point for grinding into 
grog. The General Electric Co. uses this system of fuel hand- 
ling in its poreelain shop at Schenectady, and the kiln room is 
far beyond the average in cleanliness and order. Some of the 
ware is glazed within fifteen feet of one of the kilns, no partition 
whatever existing between the kiln and the glazing apparatus. 

In discussing raw materials, Mr. Watts proposes buying and 
grinding silica sand as a cheap substitute for ground quartz rock. 
This is probably not only feasible, but would prove economical. 
Recently I have had occasion to examine a number of sharp 
silica sands such as are used in making steel castings, and have 
found that many of such sands run as high in silica as does 
quartz rock, and when ground fine give a clean white powder. 
Below are given the silica and iron content of some of these 
sands: 











| sio, Fe,0, 
1 | Sand from Williamstown, N. J...| 97.71 | 0.8 
2 | Sand from Cedarville, N. J......| 95.49 | 0.69 |yellowish 
3 | Sand source unknown........... 94.68 | 1.3 |very yellow 
4 | Sand from Cleveland, O......... 97.85 | 0.4 (slightly yellow 
5 | Sand from Crosskeys, N. J...... 99.25 | 0.4 (‘sharp clean sand 
6 | Sand from near New York City..| 99.50 | 0.3 (‘sharp clean sand 
7 | Sand from Philadelphia, Pa...... 99.35 | 0.3 |sharp clean sand 





A sand that contains less than 98 per cent. SiO, or more 
than .5 per cent. Fe,O, is not likely to prove a satisfactory ma- 
terial for the purpose. Either sand No. 6 or No. 7 in the above 
table would probably prove a very satisfactory substitute for 
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quartz rock. As to whether it is more difficult or not to orind 
sand than quartz rock which has been heated and chilled is a 
question which must be solved by trial, but there is no reason to 
suspect any great difference in this respect. But I have been 
told by a flint and spar dealer, who has ground more or less sand, 
that it requires six hours to grind a ton charge of sand and only 
four hours for a ton charge of quartz rock to the same fineness. 

In connection with the idea of using an absorbent material 
interposed between the plates and cloths of the filter press, it 
must be noted that while the press may be filled in less time, the 
introduction of these cushions must necessarily reduce the actual 
space capacity of the press. The felt or other material used, to 
be effective, must be reasonably thick, and the capacity of each 
chamber will be reduced by two thicknesses of the material used. 
This may reduce the weight of clay mixture obtained per filling 
of the press considerably, and the difference in this respect and 
the increase in number of fillings per day must be taken into 
account when estimating the advantage of this scheme. The 
saving on sack wear is of more importance in iron presses than 
in wooden ones. As a rule cloths wear but slowly on presses 
provided with wooden plates. This idea of an absorbent, yield- 
ing, intermediate layer between cloth and plate has been pat- 
ented by Mr. Fred Locke, of Victor, N- Y. 

The glaze, Mr. Watt says, should all be ground in ball mills, 
but in some cases I think the glaze pan will be found to be 
advantageous and_ economical, and preferable to ball mill. If 
but one or two glazes are in use as in porcelain or white ware 
factories, the pan has the advantage of continuous operation, and 
need not be stopped for charging or discharging. It can be used 
as both grinder and agitator, and the glaze supply can be 
pumped from the pan direct to the glazing room as needed. When 
the glaze gets low in the pan more is fed into the top without 
stopping the machine. The giaze pan is also a very efficient 
erinder. Large particles sink to the bottom of the pan where 
they come under the influence of the grinding action of the re- 
volving crusher blocks, while fine particles are kept in suspension 
by the motion of the slip. 


NOTES ON STONEWARE GLAZES, 


BY 
S. GEIJSBEEK, St. Louis, Mo. 


In describing the results of a number of stoneware glazes 
made as tests by different parties, Purdy’ states that the Robin- 
son-Merrill Pottery Co., of Akron, Ohio, use Kentucky ball clay 
for their regular glazes, while their chemist, Mr. Shoemaker, uses 
China elay, and gets better results with this particular China 
clay, without stating what particular kind this China clay is. 

Further on in his notes on this subject, Purdy explains the 
opaqueness of certain glazes, and without actually stating the 
fact, his remarks seem to express the idea that the trials made by 
Shoemaker with this particular china clay are more opaque than 
the trials made by the Macomb Pottery Co., where they are using 
English ball clay in the glaze. Both sets of trials were made 
from the same formula and fired nearly at the same temperature. 


Not knowing the particular china clay Shoemaker uses, but 
which I presume is one of the regular American brands, I will say 
that the increased opaqueness of his trials is, in my opinion, due 
directly to the substitution of china clay for English ball clay. 


I find several places in our transactions where china clay is 
substituted for ball clay, without paying any attention whatever 
to its chemical formula or analysis. I find our members using 
the common formula and equivalent weight of Al,O,, 2 S10,, 
2 H,0O for both. In such a case we will find more fusibility with 
the ball clay glaze, than with the kaolin glaze. It has been my 
experience that china clay gives whiter glazes than the same 
glazes mixed with ball clays. 

The following formula was used for an actual test as to the 
eolor of different brands of kaolins and ball clays, using the 
common formula of Al,O,, 2 SiO,, 2 H,O for both: 


0.20 K,O : 
0.20 CaO 
0.50 ZnO l 0.5 Al,O;, 2 SiO, 
0.10 BaO J) 


(1) Transactions American Ceramic Society, Vol. V, page 163. 
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In the trials here shown, each letter represents a different 

clay. 
English China Clay No. 7, (Golding & Co.). 

Georgia Kaolin (Mandle). | 
Florida Kaolin (Edgar). 
Tennessee Ball Clay (Mandle). 
English Ball Clay (Golding & Co.). 
Missouri Ball Clay (Ill. Mineral Milling Co.). 

These trials were all burnt at the same time in a muffle kiln 
at Seger cone 6. You will notice that all kaolin samples are whiter 
and better in color than any of the ball clay samples. 


HOO > 


NOTES ON ENGOBES. 


BY 


S. GE1JSsBEEK, St. Louis, Mo. 


In his paper ‘‘A method for making enameled brick,’’* Bar- 
ringer makes the comment that flint is a very valuable agent for 
engobe purposes. While I am indebted for the suggestion thus 
advanced, I think Mr. Barringer should be a little more cautious 
in giving advice without more knowledge of the working con- 
ditions. 

In the first place, the experiments which I mentioned in my 
paper on stoneware engobes* were all made on green clay, while 
Barringer has only worked on biscuit bodies. 

The difference between fitting an engobe on biscuit and on 
green bodies is just as great as the compounding of glazes for 
green and biscuit ware. His statement ‘‘To coat drypress brick 
in the green state with a glaze or enamel is a delicate process, 
entailing much loss and poor quality of product,’’® shows that 
he realizes that the conditions under which I had to work to 
make a satisfactory engobe on green stoneware were difficult. 


On a biscuit body, we start out with a ground layer for the 
engobe which has already reached its final stages. It is no longer 
green clay with all its treacherous properties. It has attained its 
full shrinkage, it does not disintegrate when moistened with 
water or glaze. It can be handled without fear of breaking or 
chipping. Its chemical changes frcem green clay to burnt ware 
have all taken place. In fact, it is an entirely different material 
from green stoneware. It is a biscuit body in the full meaning 
of the word, be it pottery or brick. 

Now, let us see what we have when green stoneware is used 
for a ground layer for an engobe. We have a body which can be 
in various stages of dryness. It can be wet or green, leather hard 
or bone dry. It is clay in green state, as it is commonly called. 
It has yet to get its full shrinkage, it may be that even its drying 
"- 1. ‘Transactions American Ceramic Society, Vol. V, page 265. 


2 Ibid, page 48. 
8 Ibid, Vol. V, page 257. 
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shrinkage has not fully taken place yet. It has to go through the 
various stages to get its chemical changes from green clay to 
burnt ware. 

An engobe on biseuit body has to be so compounded that its 
shrinkage should be nothing, because the body on which it is 
applied does not shrink any more. An engobe for stoneware has 
to shrink at the same rate as the shrinkage of the stoneware body 
on which it is applied. 

In the first case we need a compound high in flint to keep 
its shrinkage down, while in the second case we need a compound 
of entirely different nature. What this nature should be, I have 
endeavored to state in my former paper. Practice has shown 
that an engobe high in flint for green stoneware always has the 
defect of lifting. 

The next point to which Barringer objects is the shifting of 
clays. Long years of practical experience shows that shifting 
clays for body purposes is a general rule among whiteware pot- 
ters. A better and more reliabie color in whiteware is obtained 
by using several kinds of clay in place of using only one kind. 
In making an engobe on greenware, we have to use some plastic 
clay, and as it is hard to get pure white-burning plastic clays, 
we have to add some white-burning kaolins, which are not so 
plastic. In the compounding of an engobe for green ware, the 
use of more than one clay will bring quicker results, as my. paper 
on stoneware engobes explained, than by using only one clay 
and non-plastic materials for shrinkage purpose. Theoretically, 
the use of one clay may fill ideal purposes, but my long exper- 
ience, in the engobe line especially, has taught me that shifting 
clays goes a long way to obtain satisfactory results. 

In tabulating his experiments, Barringer uses the term 
‘China eclay’’ without specifying the source. In my paper on 
stoneware engobes where I mentioned the materials used,’ I 
specified the different brands of kaolins, as the physical properties 
of kaolins are not all alike. The results obtained show that by 
using only the general term ‘‘China clay’’ as Barringer does, 
misleading conclusions might be reached. In scientific papers, it 
is certainly to be expected that we state distinctly how work has 
been done, as we all know that ceramic materials, even where 


1 Transactions American Ceramic Society, Vol. IV, p 54. 
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known under a common name, generally vary somewhat in compo- 
sition. It should be our aim to express ourselves as plainly as 
possible, and to remove the suspicion of the secrecy which 
hovers around Ceramic receipts. 

Barringer states further that he uses a 5 per cent. sodium 
carbonate solution in the engobe, to hold it on the body, and 
his only reason for doing so, is that it is a common practice 
among stoneware people. Stoneware people are apt to use pre- 
ventatives, without knowing the cause of the defect they are 
trying to overcome; in addition, they are always working on 
green ware, and never on biscuit bodies. I judge that the use 
of 30 per cent. of flint in this engobe was causing trouble, even 
on a biscuit body, or Barringer would not have resorted to soda 
to make its engobe stick. 


ON THE CHEMICAL COMPOSITION AND REFRAC- 
TORINESS OF SOME AMERICAN FIRE-BRICK.’ 


BY 
R. F. WEBER.” 


The relation between the chemical composition and the re- 
fractoriness of fire-brick has long attracted the attention of fire- 
brick manufacturers and those interested in their use, and yet but 
little systematic work has been done along this line, especially in 
this country. Analyses of fire-brick have of course been made for 
years, but fire tests of the bricks, except the tests of durability in 
practical use, have usually been wanting. A number of tests and 
analyses of foreign fire-bricks have been published, but very few 
have appeared in the United States, and even in the foreign liter- 
ature the references and facts are more or less scattered. The 
most elaborate piece of systematic foreign work in this line is that 
by Dr. Jochum?, and for purposes of comparison this will be 
referred to later. 

In the United States, perhaps the most detailed piece of work 
and one of the earliest, was that done by F. Platt, for the Penn- 
sylvania Geological Survey, in 1876*. His investigation consisted 
of the analysis and heat tests of twenty-one bricks, the latter 
being made in an experimental shaft furnace, at Harrisburg. All 
the bricks were more or less affected at the temperature reached, 
but there was no means at hand for measuring the degree of heat. 
That it was considerably higher than the melting point of steel 
was proved by experiment, but the exact temperature at which 
individual bricks fused could not be ascertained. Hence compar- 
isons affect only the series tested. The next comprehensive in- 
vestigation in this line is found in the New Jersey Geological 
Survey Report on Clay Deposits, in the Report of the State 
Geologist for 1880. This report, however, deals chiefly with fire- 
clays; analyses and refractory tests being made of 123 clays, 
kaolins, feldspars, and fire-sands. Here, again, there was no 


1 A thesis prepared in Cornell University, Ithaca, N. Y., under direction 
of Dr. Heinrich Ries. 

2 The writer takes this opportunity of acknowledging his indebtedness to 
Professor H. Ries, for suggestions made during the course of the work. 

38 Tonindustrie-Zeitung, April 30, 1903. 

4 Second Geological Survey of Pennsylvania, Report MM, p. 270. 
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accurate means of measuring the temperature, the only measure- 
ment of the intensity of the heat obtained being from the fusing 
point of platinum. Chief among the recent work in this field is 
that of Dr. H. Ries, published by the New Jersey Geological Sur- 
vey, brief abstracts of which appeared in the Transactions of the 
American Institute of Mining Engineers’. The main point noted 
in this work was that the fusibility of the New Jersey brick was 
influenced largely both by the silica percentage, and by the tex- 
ture, it being found that the fusion point of almost any of the 
New Jersey fire-bricks could be reduced four or five cones by 
grinding the brick sufficiently fine to pass through a 100 mesh 
sieve. 

In the present paper there are presented the results obtained 
in testing a series of fire-brick from different parts of the coun- 
try, in order to determine their chemical composition, their re- 
fractoriness, texture and the relation of the three. 

Tests that have been made in other countries and also in this 
country, indicate quite clearly that the variation in refractoriness 
of fire-bricks depends on both the chemical composition and the 
texture, although the importance of the second of these two fac- 
tors is not always recognized. In the work to which this paper 
refers, examples of 44 fire-brick were taken, representing differ- 
ent localities in the United States. The fusion point of each of 
these was determined as nearly as possible and the partial chem- 
ical analysis made, lack of time preventing the carrying out of a 
complete analysis. It is felt, however, that the analysis even in 
its incomplete form is sufficiently valuable for purposes of discus- 
sion. The substances determined were total Si0,, Al,O,, FeO, 
and TiO,. The difference between the sum of these and 100 
represents the total percentage of alkaline earths and alkalies. 
The importance of the estimation of titanic acid has been pointed 
out by many, including Seger, Vogt*, and Ries’. 

The methods of analysis will first be considered, then the fire 
tests, which in turn will be followed by a discussion of the results 
obtained. Lastly, a number of foreign analyses and fire tests are 
given and discussed, and comparisons made with the American 
fire-bricks. 

1 Notes on the New Jersey Fire-Brick Industry, XXXIV, p. 254. 


1 Tonindustrie-Zeitung, 1908, No. 77, p. 1247. 
2 Oper: 
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METHODS OF ANALYSIS. 


In the main, the methods used in this work were those sug- 
gested by Richardson and Hillebrand for cement analysis’. A 
‘‘fair sample’’ of the brick (usually about 60 gm.) was first 
obtained, as in assaying, and this was ground to pass a 100 mesh 
sieve. It was then sampled down to from 3 to 5 grams, and a 
portion of this, after grinding in an agate mortar, was taken for 
analysis. This was fused in the usual manner with sodium and 
potassium carbonates. Double evaporation was made for silica, 
and double precipitation of iron and alumina, as recommended in 
the work already cited. The combined iron and aluminum ox- 
ides were fused with KHSO, in the crucible containing the resi- 
due from the hydrofluoric acid correction for silica, the melt 
taken up with hot 5% sulfuric acid, the iron reduced by H,S 
and determined, after filtering off the precipitated platinum, by 
titrating with KMnO,. The titanic acid was determined by Wel- 
ler’s method, as advocated in Bulletin 176 of the U. S. Geological 
Survey, and alumina by difference. The apparatus used for the 
colorimetric determination was modeled somewhat after that 
described by Cameron & Failyer, of the Bureau of Soils, U. S. 
Department of Agriculture”. Instead of having a cylinder with 
side arm and tubing, however, two Hehner cylinders, with glass 
stoppered side arms, were used and found very satisfactory. In 
connection with the determination of titanic acid, it may be men- 
tioned that considerable difficulty was experienced in getting the 
strength of the standard solution. ‘The titanic acid (obtained 
from a German firm) used to make up the solution, was found 
altogether too impure to allow of a definite amount being weighed 
out, and the strength of the solution calculated, so recourse was 
had to a gravimetric method. Several were tried, the one finally 
decided upon as the most satisfactory being that of Gooch, de- 
seribed in ‘‘ Principles and Methods of Rock Analysis,’’ by Hille- 
brand!. Even by this method, it was only after repeated fusions 
that the TiO, was obtained pure, difficulty being found in freeing 
the residue from manganese and iron. 


1 Journ. Society of Chemical Industry, vol. 21, (1903) p. 30. 
2 Journ. Am. Chem. Soc. 25 (1902) p. 1066. 
1 U.S. Geological Survey, Bulletin 176 (1900) p. 71. 
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FIRE TESTS. 


The fusion point was determined by testing pieces of the 
fire-brick in the Deville furnace. Unless a brick is exceedingly 
fine grained the entire mass does not fuse at once, nor does even 
a large part of it do so. In any brick there are usually found a 
large percentage of very coarse grains which range anywhere 
from one to five mm. in diameter, these grains being either angu- 
lar or rounded, and consisting generally of either flint, clay, 
quartz, or grog (in German, chamotte). Surrounding these is a 
more or less fine grained matrix. The matrix of the brick usually 
fuses first, and if the percentage of the matrix in the brick is 
great, the brick may lose its shape rapidly, but if the percentage 
is small the brick may hold its shape for some time. The fusion 
point of the bricks was generally taken as that point at which the 
matrix, and in some eases the larger grains, became sufficiently 
softened to cause the brick to lose its shape. In many instances 
the larger grains still retain their identity even after the brick 
softens down to a more or less viscous mass. In judging the 
refractoriness of the bricks, therefore, it should be remembered 
that the fusion point as here given does not necessarily mean that 
the brick is viscous at that point:—in fact, in most cases the 
bricks will stand a higher temperature before becoming thor- 
oughly viscous. 

ANALYSES AND FUSION TESTS. 


Having outlined the methods of examination followed, it 
remains to present the results obtained. The table on pages 
217-220 gives the analysis, cone of fusion and texture of the 
fire-bricks examined, and is given at this point so that the results 
ean be more clearly discussed. The table is arranged according 
to the degree of refractoriness, those bricks having the highest 
fusion point being given first. Where several bricks have the 
same fusing point, they are arranged in descending order accord- 
ing to the percentage of fluxes—the sum of the iron oxide, titanic 
acid, alkaline earths and alkalies. The titanic acid is placed 
among the fluxes, as it has been shown by recent investigations 
that percentages of but two or three per cent. added to a high 
grade kaolin lowered its fusing point two or three cone numbers’. 


1 H. Ries, Trans. Am. Inst. Min. Eng., Albany Meeting, Feb., 1903. Vol. 
Xxxiv, p. 254. See also forthcoming report on clays, N. J. Geol. Survey. 
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It should be remarked here that the cone of fusion was not 
exactly determined for those bricks having a refractoriness of less 
than cone 26-27. These bricks were thoroughly fused at 27, 
but at just what point the matrix fused sufficiently for the brick 
to lose its shape (which, as previously stated, was taken as the 
fusing point) was not ascertained. From all appearances, how- 
ever, the fusion took place probably somewhere between cone 24 
and 26. See Table I, pages 217-220. 

Inspection of this table shows two points standing out pre- 
eminently. 1st, the variation in the fusion point, and 2nd, the 
generally high percentage of total fluxes. Out of the 44 bricks 
tested, it will be noticed that only four will stand at cone 33, and 
that seven fuse below cone 27. Approximately one-half of the 
total number fuse below cone 30. There are more bricks corres- 
ponding to cone 31 than to any other one cone. 

As to the second point; the percentage of total fluxes seems 
in many cases very high. The generally accepted idea is that 
both fire-clays and fire-bricks should run low in impurities, pre- 
ferably under 3 or 4%, and yet here we find one of the best bricks 
with a flux percentage of over 10%. Moreover, it will be noticed 
that in all the bricks with a refractoriness of cone 30 or above, 
(with the exception of No. 5, a silica brick) the minimum fiux 
content is 4.88%, the maximum 12.40%, and the average about 
8.60%. This high percentage seemed so remarkable that a care- 
ful search among published fire-brick analyses was made, and it 
was found that in a number of cases the total fluxes is high, even 
in quite refractory bricks, as will be shown later. Moreover, in 
most analyses the titanic acid was not estimated, and consequently 
the alumina appears too high and the total fluxes too low, by the 
amount of TiO, present. The fact that TiO, is absent from few 
clays is now generally recognized’, and its influence on the fusi- 
bility of a clay has been mentioned above’, *. Concerning the 
amounts of TiO, found in these bricks, No. 6 alone is noteworthy. 
In this the percentage, (5.54), is higher than found in any pub- 
lished analyses of American fire-clays or fire-bricks, but Odern- 
heimer* cites clays from the Duchy of Nassau with a titanic acid 
Tonindustrie-Zeitung, 1903, pp. 1247, 1475. 
ibid, 1883, p. 243. 


op. cit. 
Tonindustrie-Zeitung, 1908, p. 1475. 
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content of from 2.30 to 4.60%, and Kovar' found clays containing. 
from 1.33 to 10.04% of TiO,. Of the American clays reported, 
two from Clinton Co., Pa. show the highest percentages of titanic 
acid, viz. 400% and 3.36%?. 

It will be noticed that with two exceptions (which will be 
spoken of later) none of the bricks fusing at or above cone 30 
have a silica content of over 60%, while in the case of those fusing 
below this cone, the percentage of silica rarely falls below 60. 
This, notwithstanding the fact that many of the more refractory 
bricks have an extremely high percentage of total fluxes. 

In order to make comparisons and to present these facts more 
graphically than can be done by a mass of figures, the analyses 
and refractoriness of the bricks have been plotted on co-ordinate 
paper, whereby curves may be drawn which will materially assist 
in the discussion of results. 


DISCUSSION OF RESULTS. 


The points previously mentioned are brought out and accen- 
tuated in Plate I. Among the facts to be noted in this plate are 
the following: A line drawn vertically at No. 21 includes on the 
left all bricks fusing above cone 30, and on the right, those fusing 
below that cone. It will be noticed that to the left of this hypo- 
thetical line, the’55% line would form a fairly good mean for the 
silica content, while to the right, the mean would run pretty close 
to the line marked 65%. With certain exceptions then, it seems 
that the silica content furnishes a rough estimate of the refrac- 
toriness of a fire-brick. It is further apparent, at the very start, 
that the percentage of total fluxes cannot form an exact basis for 
judging the refractoriness. 

Considering the chart as a whole, if we construct a mean 
eurve for the fusion points and a second curve for the silica con- 
tent, there is a general rise for the latter accompanying the fall 
in the fusion point, a notable exception being No. 4, which is a 
silica brick. If there were no fluxes present, we should, of course, 
look for an ascending alumina curve as the silica curves descend. 
This is found to be the ease in general,—the alumina curve being 
the image, as in a mirror, of a silica curve. The exceptions, as 


1 Sprechsaal, 1891, p. 106; Tonindustrie-Zeitung, 1903, p. 1247. 
2 Second Geol. Survey of Pennsylvania, Report MM. (1867-8). 
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TABLE I. 


cee eee aera ee ee ee eae ee eco eee eee ee eee eae en eet carrera eee eee ae ra eee errand 


Locality. 





St. Louis, Mo. 
Louisville, Ky. 
Benezet, Pa. 
Canon City, Colo. 
Louisville, Ky. 
Staten Is., N. Y. 
Monroe, Pa. 
Denver, Colo. 
St. Louis, Mo. 
Fullerton, Ky. 
Fullerton, Ky. 
Olive Hill, Ky. 
Olive Hill, Ky. 
Olive Hill, Ky. 
Tronton, O. 
Cincinnati, O. 
Portsmouth, O. 
Ironton, O. 
Olive Hill, Ky. 
Cincinnati, O. 
Clearfield, Pa. 


Stevens Pottery, Ga. 





Texture. 





Fairly uniform, angular, flint-clay particles, constituting 


; body of brick. Largest pieces, 5-6 mm. in diam. White. 


Coarse grained; angular pieces of flint-clay, as large as 
9mm.; average 4-5mm. Light Buff. 


Coarse, angular, flint-clay particles, varying from 1-5 
mm. in diam. Average 4-5mm. Buff 


Fine grained quartz particles, largest 2-3 mm. in diam. 
White. 


Medium grain; flint-clay particles fairly uniform in size, 
3-4mm. Light Buff. 


Coarse grain: quartz particles, 4-5 mm. in diam., form- 
ing about 50 per cent. of brick. White. 


Large, angular pieces of flint-clay scattered irregularly 
throughout brick. Largest 12 mm., average 6mm. Buff. 


Medium grain; quartz particles, 1-2mm. in diameter, 
abundant. Speckled gray-white. 


Angular flint-clay particles, fairly uniform in size. Larg-- 
est 5-6 mm. Light Buff. 


Coarse; large, angular, flint-clay particles, 4mm., con-- 
stitute body of brick. Buff. 


Like 10, but average size of particles slightly greater. 
Flint-clay particles, 2-10 mm. in diameter, (av. 5 mm.), 
seattered throughout reddish-brown matrix. 


Medium grain; angular flint-clay particles, 1-3 mm. in 
diameter, forming about 50 per cent. of brick. Buff. 


Large, angular particles of flint-clay, varying from 2-10 
mm. in diam, forming 60 per cent. of brick. Buff. 


Coarse; contains many flint-clay (and perhaps 3mm. 
quartz) particles. Average diameter 4mm. Cream. 


Largely composed of large, angular, flint-clay particles. 
Average diameter 7mm. Buff. 


Flint-clay particles, average 2-4mm. in diameter, 
throughout red-brown matrix. 


Coarse; large quartz particles. Average 4mm. in diam- 
eter. Cream. 


Medium-grain, flint-clay particles. Largest 4mm., av-- 
erage 1-2 mm., forming 50-60 per cent. of brick. Buff. 


Large, angular pieces of flint-clay constitutes greater 
part of brick. 1-10 mm. in diam. Average 5 mm. Buff. 
Medium-grain, angular flint-clay particles, average 3-4 
mm., forming about 60 per cent. of brick. Buff. 


Not abundant. Quartz grains, small to 6mm. in diam., 
in an even, close grained matrix. Cream. 
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TABLE I—Continued. 








Locality. 


Chicago, II. 
Athens, Tex. 


Chicago, II. 


Canon City, Colo. 


Clearfield, Pa. 


Canon City, Colo. 


Akron, O. 
Ashville, N. C. 
Akron, O. 


Staten Is. N. Y. 


Monaca, Pa. 
Layton, Pa. 
Hillsdale, Ind. 
Hillsdale, Ind. 
Akron, O. 


Carbon Cliff, Ils. 
Carbon Cliff, Ils. 


Monaca, Pa. 
Monaca, Pa. 
Alabama 

Cayuga, Ind. 


Louisville, Ky. 











Texture. 





Large, white, angular, flint-clay particles, throughout a 
brownish matrix. Largest 8-9 mm. Average 4mm. 


Fine grain, but wiht a few large particles of grog. 
Nearly White. 


White flinty particles, 2-5 mm. in di., throughout a red- 
dish-brown matrix, and forming 20 per ct. brick. Brown. 


Medium-grain rounded, quartz particles, 1-2mm. in 
diameter. Light Cream. 


Coarse, large, angular flint-clay particles, largest 10mm., 
average 4mm., form about 70 per cent. of brick. Buff. 


Small, angular flinty particles. 2-3 mm. in diameter. 
Nearly .White. 


Coarse; a large portion of brick is flint-clay, varying 
from small to 9mm. in diam. Average 4-5 mm. Buff. 


Fine grained, with occasional large quartz particles. 
One 19x9 mm., another 9x6, but mostly 5-6. Cream. 


Medium grain; small quartz particles, quite uniform in 
size (1-2 mm.), generously distributed. Buff. 


Fine; only now and then a quartz grain of appreciable 
size. Buff. 


Coarse; largely composed of white to nearly black flint- 
clay, fairly uniform in size. Average about 4mm. Buff. 


Medium grain; large particles made up of quartz grains, 
fairly uniform in size, about 2mm. Buff. 


Very fine grain; few coarse particles. Light Buff. 
Fine grained; some quartz particles, 3mm. in diameter, 
but these form small percentage of brick. Cream. 


Coarse; large, angular flint-clay particles, fairly uniform 
in size (3-6 mm.), forming 40-50 per cent. of brick. Buff. 


Medium grain; small quartz grains (1-2 mm.) and some 
flint-clay, forming about 40 per cent. of brick. Buff. 


Rather coarse; about 40 per cent. of brick of coarse par- 
ticles, some of 9 mm. in di., but av. about 3-4mm. Buff. 


Fine grain; small, white, flint-clay particles, not over 
2mm. in diameter, and not abundant. Buff. 


Medium grain; pieces of quartz with pinkish color and 
angular flint-clay particles. About 3mm. in diam. Buff. 


Fine grain, even texture; few coarse particles. Brown. 


Fine grain; some particles as large as 1-2 mm. in diam- 
eter. Buff. 


Angular. dark colored flint-clay particles, maximum size 
5mm., throughout a reddish-brown matrix. 
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Nos. 10 and 32, are obviously due to the high percentage of total 
fluxes. If a mean curve were drawn from the total fluxes, it would 
be an exceedingly irregular one. The actual curve for sum of 
fluxes brings out a point already referred to, viz., the high per- 
centage of total fluxes even in the better grades of brick. i 


Where the brick shows a fair refractoriness in spite of a 
moderately high silica percentage and a high content of total — 
fluxes, it is probably due to the fact that much of the quartz, 
which is a powerful fluxing element, is bound up in grains suffi- 
ciently coarse to prevent active fluxing action. This is well illus- 
trated by Nos. 25 and 40. The percentages of the various elements 
as shown by the analyses are nearly alike, yet we find that the 
one has a fusing point of less than cone 26, while the other does 
not fuse until cone 29 is reached. Referring to the table of tex- 
tures, it will be noticed that No. 40 is of fine grain, containing 
white flint-clay particles, and those small, while No. 25, on the 
other hand, contains quite a percentage of white flinty particles, 
averaging from two to five mm. in diameter. Even more strikingly 
is this point of texture exhibited in No. 6. Glancing along the 
silica and alumina curves, we find No. 35 with almost identically 
the same amount of those constituents, while with regard to the 
fluxes, the difference is in favor of No. 35. And yet we find No. 
6 fusing at cone 31-32, and No. 35 at cone 27. The latter, how- 
ever, is of very fine grain, with few coarse particles, whereas 
probably 50% of the former is composed of quartz particles, 4-5 
mm. in diameter. Comparison of Nos. 26 and 35, 37 and 42 
affords further evidence concerning the influence of coarseness 
of grain on fusibility. In some eases the high silica content com- 
bined with a high fluxing percentage (as in Nos. 34, 38 and 39) is 
sufficiently great to reduce the fusion point even though the 
brick contains many grains of medium size. 


Another interesting point is that the least refractory bricks _ 
of those tested are not those containing the highest silica or 
highest total fluxes, as for example Nos. 42 and 43. These, how- 
ever, are both of fine grain. 


A high content of total fiuxes does not necessarily indicate 
a very low refractoriness, for three (Nos. 5, 10, and 11,) with 
over 12%, have a fusion point of at least cone 31. The refractor- 
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DIFFERENT BRICKS, INDICATED BY SAMPLE NUMBERS 
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iness of these was no doubt materially assisted by the coarseness 
of the particles. 

That a high silica content exerts a more active fluxing effect 
than a high percentage of the more fusible fluxes, is apparent 
from a close examination of this chart. Following the curve of 
total fluxes, we find that No. 38 has practically the same amount 
as No. 1. There is little change in the various fluxes, but the 
increase in percentage of silica is very marked—a rise of 24%. 
The fall in fusibility can be only partially explained by coarse- 
ness of grain, for the texture is much the same, as will be seen on 
referring to Table I. As No. 1 is high in total fluxes, we should 
expect that it would be less refractory than one containing less 
total fluxes, but of the same texture. Such a one is No. 37, which, 
however, becomes viscous six cones below No. 1. This can only 
be accounted for by the difference in silica and alumina contents, 
for the percentage of iron oxide is but slightly greater and that 
of titanic acid is nearly one per cent. less. With Nos. 39, 40 and 
41 also, the silica seems to exercise the chief role in the lowering 
of the fusion point below that of No. 1. The texture cannot here 
be appealed to, for both 39 and 41 are similar in this respect. 
Nos. 8 and 26 also, are of about the same texture and equal per- 
centage of total fluxes, and the difference in refractoriness must 
be due to the higher silica content of one. A comparison of Nos. 
3 and 37 leads us to the same conclusion regarding the greater 
fluxing action of a high content of silica. 

The value of a chemical analysis for judging the refractori- 
ness of a clay has long been a subject of discussion, and the re- 
sults here obtained seem to emphasize its unreliability for judg- . 
ing the absolute refractoriness of fire-brick. A glance at Nos. 36 
and 37 will show how little can be told of even the relative re- 
fractoriness of two bricks by the chemical composition. Every- 
thing in the analysis seems to indicate a greater refractoriness for 
No. 37 than for 36, and yet their fusion points are the same, even 
though the texture of No. 37 would also indicate a higher fusing 
point. In the ease of Nos. 27, 32 and 33 the chemical composition 
is again valueless as regards the reason for the falling off in re- 
fractoriness of the bricks, and here, too, fineness of grain is not 
responsible. In many other cases (as for example Nos. 8, 15 and 
18) the only explanation that can be made for the low fusion 
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point, is on the assumption that as Heintz says’ the main mass, 
in highly aluminous bricks, is usually much higher in Al,O, than 
is the binding agent used, and from this difference it may result 
that a less highly aluminous brick may stand better than another 
higher in alumina. ! 

We can see from the foregoing, therefore, that the refractor- 
iness of fire-bricks depends on the total fluxes, the silica percen- 
tage and the coarseness of grain, and that the chemical analysis 
alone cannot be used as an index of the refractoriness except 
within rather wide limits. In the case of clays, in which there is 
not such a variation in grain size, it is possible to use a chemical 
analysis for constructing a formula which indicates much more 
closely the refractoriness of the material. 


FOREIGN RESULTS. 


For the consideration of foreign results, Plate II, similar to 
Plate I, has been prepared. With one exception, (No. x) these 
are all of foreign fire-bricks or fire-clays, and the locality and 
source of information is given herewith. Those marked ? are 
analyses of German clays used in the manufacture of fire-bricks 
exhibited at the Berlin Exhibition, of 1896'; and those marked 
with 2 are analyses of fire-brick shown at the exhibition at 
Dusseldorf?. 


1 Stahl und Hisen, xvii, pp. 63-64. 
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TABLE II. 


No. a—Clay slate* 
b—Clay slate’ 
ec—Silica brick’ 
d—Clay from Ifo, Sweden* 

— e—Quartzite’ 
f—Westerwald clay’ 
h—Westerwald clay’ 
k—Kahrlich clay’ 
1—Rhenish clay’ 
m—Hnglish Dinas’ 
n—Rhenish clay’ 
o—Baden clay* 
p—Westerwald clay’ 

r—Westerwald clay* 
s—Westerwald clay’ 
t—Westerwald clay’ 
u—Baden clay* 
v—German Dinas’ 
w—Rhenish clay’ 
x—St. Louis clay* 
y—Bendorf clay’ 
z—Weihersberg clay* 


It will be noticed that these are nearly all fire-clays, and not 
fire-bricks, and we do not have to deal, therefore, with such a 
varied texture. Great variation in the amount of total fluxes is, 
however, apparent here, as in Plate I, and it is evident from an 
examination of the plate that a high flux content does not neces- 
sarily indicate a clay or brick of low fusibility. No. h, with a 
total flux content of nearly 6%, has a refractoriness of 34, where- 
as No. z, with only half the fluxes, fuses at cone 26-27. There is 
here, however, a great increase in the silica content. 


It will be noticed that when aboveacertain percentage (about 

90, here as in Plate I) the silica does not exercise such powerful 

fluxing action as when it is somewhat lower. This is entirely in 

accord with the known facts concerning mixtures of kaolin and 

silica. Up to about 90% of silica, the fusion point decreases as 

the percentage of silica increases. From that point, however, the 

"4. Stahl und BHisen, xvi, p. 723; Journ. Iron & Steel Inst., 1897, (1) p. 357. 
2 Stahl und Hisen, xxii, pp. 1132-1134. 

8 Oesterreichische Zeitschrift fur Berg-u. Huttenwesen, Vol. 1, pp. 


492, 494. 
4 Tonindustrie-Zeitung, 1903, No. 45, p. 656. 
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fusion point rises rapidly with increasing content of silica. Still 
further evidence of the powerful fluxing action of silica may be 
obtained by glancing along the curve of total fluxes. It will be 
noticed that Nos. 1 and y are nearly on a level with a; 1, however, 
contains 8% and y 30% more silica, and as would be expected 
from what has been shown in the ease of American bricks, the 
fusion point declines from cone 36 to cones 34 and 29 respec- 
tively. 

With this plate, as with Plate I, the fusibility curve is a 
steadily descending one, and setting aside the silica bricks, the 
55% line, as before, would form a fairly good mean for those 
clays over cone 30 in fusibility. No mean curve, however, could 
well be drawn for the sum of fluxes,—which was also found to be 
the case with the American tire-bricks. 

Plate III, taken from Jochum’s article in the Tonindustrie- 
Zeitung, previously mentioned, is comparable only with about the 
first twenty of the American bricks, both in refractoriness and 
silica contents. It shows, however, the same variation in the sum 
of fluxes, and furnishes further evidence that a high flux content 
does not necessarily indicate a low refractoriness,— which was the 
conclusion the author reached. 

The foreign bricks and clays do not show, in general, such 
high pereentages of total fluxes as do the American, and, as 
before pointed out, this is due in part to the non-estimation of 
titanic acid. | 
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AN IMPROVEMENT IN BRICK DRIERS, 


BY 
W. D. RicHarpson, Columbus, Ohio. 


The improvements of the progressive tunnel brick driers in 
recent years have been along the line of fireproof construction ; 
longer tunnels; two tracks to a tunnel; tracks either sloping 
enough to allow the cars, coupled together, to be let down through 
the drier from the lower end, or tracks nearly level and the cars 
moved through tunnel by steam or electric power; heated air 
distributed through tunnels by a large fan and also the saturated 
air removed from tunnels by a fan instead of by stack; air for 
drying heated by exhaust steam or from cooling kilns, or both, 
thus utilizing heat that had previously been allowed to go to 
waste. These improvements have by no means been universally 
adopted, nor even frequently all in use in any one dryer, though 
they are more or less familiar to those who have given attention 
to these subjects. 

A common defect, even in the most modern brick drier, is 
poor circulation, especially at the receiving end. Here it will be 
frequently found that hot and only partially saturated air, is 
escaping over the top of the brick, while the lower part of the 
drier is cool and dripping with moisture. To remedy this defect 
some have made the tunnels shorter. In this way they have 
secured better circulation and drier air at the receiving end of 
the tunnels, but at the expense of fuel and power. To be sure, it 
is argued, since the cooling kilns give more heat than is needed, 
it can as well be wasted by being discharged through the drier 
as in any other way. But it costs something to move this excess 
of air, and in many places there is no heat to spare. The most 
economical and scientific method of overcoming this defective 
circulation is by artificial exhaustion of the moist air from the 
receiving end of the drier by fan. In this manner, longer tunnels 
can be used and a proper and constant velocity of air in the 
drier maintained. Induced draft in the drier stacks by means of 
dise fans has been practiced in a few cases, for several years past, 
but the large centrifugai exhaust fan, located in the same room 
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as the forcing fan that blows hot air into the drier, and in some 
eases connected with it upon the same shaft and driven by the 
same pulley, has only recently come into use. 

These improvements, up to this point, were described in my 
paper before the Society at the Cleveland meeting. (Transactions 
Amer. Cer. Soc., Vol. IV.) In the drier of the plant described in 
that paper, the circulation in drier was maintained by two fans 
running upon the same shaft. The moist air was pulled out of 
drier through atransverse flue acrossthe receiving end, and thence 
conducted through an underground flue, outside of drier, to the 
fan. This arrangement worked well, but it was observed that 
the flue, which was covered outside just above the grade level 
with sawed stone slabs, cemented together, furnishd heat enough 
on top of the stone for drying sand, as well as for heating dinner 
buckets, ete. Hence, in the next dryer of this type that I de- 
signed, I made use of this heat for warming up the floor of the 
drier. It is this special feature that is presented in this paper. 

The hot air is admitted to drier in usual manner, that is, it 
is blown into a transverse flue from which it is admitted to flues 
under each track, and distributed through graduated openings 
under the ears. The hot air flues under tracks extend only three 
ear lengths, with three opening under each car. At the end of 
these flues is the wall of the transverse flue that runs across the 
tunnels for the purpose of collecting the saturated air. This flue 
has a tight top, but there opens into it on upper side, under each 
track, a flue that extends to the receiving end of the drier. These 
flues have a tight top of concrete separating them from the tunnel 
above, except for a distance of about one car length at the re- 
ceiving end, where they are open. 

These flues under the tunnels not only insure a dry bottom 
for tunnels, but also help to keep the tunnel floor warm. At the 
same time, they afford a convenient means of returning the sat- 
urated air to the exhaust fan, which is best situated near to the 
discharge end of drier, in same room with the fan that supplies 
the hot air. The hot air fan should be placed so as to blow di- 
rectly into the main transverse flue. 

The question whether to have both fans of same size, and on 
same shaft, driven by one pulley, or to have the exhaust fan a 
smaller fan, driven by separate pulley, depends upon whether the 
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forcing fan draws its hot air from a heater close at hand, or from 
kilns at a distance. In the latter case, this fan must be consid- 
erably larger than would be required to exhaust the saturated 
air from the drier. For scientific adjustment, the fans should be 
separate, but in practical operations the combined fans have 
some points in their favor. My experience has been mostly with 
the latter, and hence this form has been shown on drawing. 

This improvement in drier is, I believe, worthy of adoption 
where the best construction can be afforded. It is a little more 
expensive in first cost, but the increased efficiency of the drier 
should amply justify the slightly increased cost. This form is 
adapted to progressive tunnel driers, where steam or hot air from 
cooling driers is employed. 


AN INVESTIGATION OF THE E. G. ACHESON PRO- 
CESS OF TOUGHENING CLAYS.* 


BY 
LeRoy Hines Minton, E. M. (in Cer.). 
Mineral City, Ohio. 


On March 17th, 1903, the United States Patent Office issued 
Patent No. 722,791 to E. G. Acheson, of Niagara Falls, N. Y., 
covering claims for the production or manufacture of earthen- 
ware. 


PROCESS AND CLAIMS OF ACHESON. 


Ist. According to the specifications to the Patent, the 
process consists in first working the clay into the mixed state, 
plastic or slip, and then introducing a certain amount (usually 
one-half to two per cent by weight) of tannin, or any tannin 
compounds, or any other so-called ‘‘modifying agent,’’ such as 
may be secured from various vegetable compounds, having 
properties similar to tannin. 


The specifications claim that “‘the plasticity of the clay so 
treated is much increased, shrinkage in drying is much reduced, 
while the tensile strength is increased over 40%.”’ 


2nd. Ina printed article read before the American Ceramic 
Society at Cincinnati, on February 2nd, 1904, Mr. Acheson sets 
forth the experiments performed by himself and Dr. Ries, of 
Cornell University. Briefly the claims made in this article are 
as follows: 

1. Decreased amount of water for tempering. 
Increased plasticity. 
Decreased shrinkage. 
Decreased cracking. 
Increased density and decreased porosity. 
Increased tensile strength. 
Inereased hardness. 
Elimination or reduction in amount of ball clay, or 


bo 


aS 


* A thesis presented for the degree of Engineer of Mines in Ceramics in the Ohio State 
University, June, 1904. 
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substitution in whole or in part of kaolin for ball clay in white 
ware bodies, thus improving the color. 
9. Decrease in time necessary for tempering. 


Verification of Claims by Others. 


The claims made by Mr. Acheson are fully borne out by the 
experiments made by Dr. Ries. Mr. W. D. Gates, of the Ameri- 
can Terra Cotta and Ceramic Company, Chicago, stated in the 
Convention at Cincinnati that very similar results had been 
obtained by him by using water glass, or sodium silicate, which 
he found tended to reduce the amount of water required for 
slipping by about 40%. | 

Dr. Allerton S. Cushman, of the Road Material Laboratory, 
Washington, D. C., also verified the results and claimed that they 
furnished a very perfect illustration of his colloid theory of 
plasticity, as explained in his paper and read before the Ameri- 
ean Ceramic Society, at Cincinnati, February 2nd, 1904. 


Limitation by Cost of Process. 


Mr. Acheson claims that the process is applicable to all in- 
dustries, both in regard to execution and cost, and gives as the 
expense, an additional cost of $1.50 per ton in the white ware 
industry, and less in the cheaper grades of clay products. 

Assuming an additional cost of $1.00 per ton in the cheaper 
wares, we see at once that such a method is not practicable. The 
margin between profit and loss in the brick industry, roofing tile 
industry and most terra cotta work is so small as to prohibit an 
increase even of fifty cents per ton, which in the brick industry 
means $2.00 per thousand brick. 

It is very doubtful if any important increase in the value 
of any clay could be obtained at so small a cost as fifty cents per 
ton, basing an estimate of cost upon Mr. Acheson ’s statement of 
a $1.50 per ton of prepared clay. 

The following table shows increase in selling price of com- 
mon ceramic products, assuming an increased expense of fifty 
cents per ton of clay for treatment: 
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Amount of Selling Price | Selling Price Tocrease in 

Industry. Clay. Pe ice rc oter cba selliag, Pree, 
Common brick........ one ton $2.30 $2.70 22.70% 
BaACOr DTICK. 2.6.6. iil eas one ton 4.93 5.40 10.10% 
MILOY DLICK. Ceo eG one ton 5.03 5.53 9.94% 
Ire DTIC Boe eet one ton 2.66 3.16 18.70% 
Sewer pipe 6”......... one ton 14.00 14.50 3.57% 
Roofing tile........... one ton 22.98 23.48 2.138% 
White; ware s..s obi, one ton 195.00 195.50 0.256% 
Decorated w. w........ one ton 260.00 260.50 0.192% 








For art ware the per cent would be still lower, but here it is 
not necessary to apply such treatment, for the price permits the 
use of such clays as bring the desired results. 


From this table it is evident that at best the process is limited 
to the white ware industries and possibly high grade refractory 
products, special fire brick, glass pots, crucibles, gas retorts, ete. 
But the main field is in pottery. 
¢ 


PROPOSED EXPERIMENTAL WORK. 


The object of this work was to conduct a series of experi- 
ments to deduce the practical value of this method. 


Sources of Tannin. 


(a) Gallo-tannic acid. 
(b) Catechu. 

(c) Sumac leaves. 

(d) Oak bark. 

(e) Spruce bark. 


Gallo-tannic acid and catechu are at once thrown out of 
consideration on account of cost. Sumac grows only in limited 
territory and is too uncertain to use. 


Oak bark is largely used in tanning. After the tannin is 
extracted the wood is used as fuel. The first cost of the bark 
is $15.00 per ton, and it grows scarcer every year and higher in 
price, and hence is thrown out. 

Spruce bark is stripped from logs in immense quantities by 
paper mills, where it forms the principal fuel supply, and as the 
production is limited to certain localities the price is prohibitive. 
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Other Organic Substances Producing the same Effect as Tannin. 


In this connection Mr. Acheson mentions specially lquor 
derived from boiling oat-straw. In addition we might mention 
the waste liquor from starch factories, sugar mills, breweries, ete. 
The cheapest and most abundant supply is oat-straw. Straw 
costs about $6.00 per ton baled, and can be purchased in a much 
wider latitude than any other material mentioned. For this 
reason it was chosen for the basis of these experiments. 


Main Points to be Determined by Experiments. 


1st. Determination of quantitative effect by plastic process. 
2nd. Effect of ageing vs. immediate working. 
3rd. Effect by slipping, pressing and working at once. 
4th. Effect on bodies in which the ball clay is gradually 
replaced by china clay. 
oth. Effect on color of burned product. 
And incidentally 
6th. (a) Amount of water for tempering. 
(b) Hardness in dry state. 
(ec) Plasticity. 


Means of Measuring the Effects Produced. 


In order to get comparable results, some uniform method of 
measuring the properties produced by the treatment had to be 
used. It was decided to measure the effect of the treatment by 
means of the tensile strength shown by brickettes formed from 
the treated clays. 

It is a well known fact that the tensile strength method of 
measuring the comparative qualities of a clay is widely used, 
yet the results obtained by different operators vary greatly. 

As a preliminary to this work, it was thought best to attempt 
to secure some means of making the test that would insure more 
uniform results. 

The Fairbanks Standard Cement Testing machine is used 
by this department for making such tests, and often very poor 
results have been obtained, due to the pinching action exerted by 
the clips upon the brickettes. In weak clays testing under 100 
pounds T. S., the brickette is usually unable to stand the strain, 
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and breaks at the point of pinch instead of at the point of smal- 
lest cross-section. Fluctuation in the T. 8. of a series of brick- 
ettes from one clay often reach as high as 50% of the average. 
Efforts have been made to reduce this pinching action by cush- 
ioning the brickettes with rubber, felt and card board, but all of 
these methods proved very troublesome in use, and the results 
were little better than those obtained before. 


To overcome this difficulty a new shaped brickette was made, 
with wedge-shaped ends, and a clip was also designed to receive 
it. The sides of the clip were made adjustable so as to produce 
a bearing upon the brickette all along its faces, instead of con- 
centrating the pressure at a point. 

In the illustration on page 236 figure 1 shows the Fair- 
banks’ clip and brickette, while figure 2 shows the clip and 
brickette designed to replace it. 


Testing the Clips. 


In order to test the relative merits of the clips and brick- 
ettes, a number of brickettes were made from each design. The 
clay used was Haydenville fire clay, run through a 20 mesh sieve, 
dry. The clay was made up stiff and thoroughly wedged. Great 
care was used in making these brickettes so as to secure the great- 
est uniformity. The clay was wedged first in blocks and then 
out into crumbs of sufficient size to make one brickette. No 
crumb was used that showed any signs of defect in structure. 

The results of pulling the brickettes are given in the table 
on page 237. 

A comparison of the results shows that the percentage of 
good breaks is much higher under the new conditions, but the 
fluctuation is not much better, and the tensile strength is much 
lower. These results can be explained by the manner in which 
the brickettes were made. The brickettes tested in the old style 
clips were made in a brass cement brickette mold which was 
hinged, thus allowing it to open and close around the mass of 
clay forming the brickette, and insuring a solid mass at the point 
of smallest cross-section. The mold for the new-shape brickettes 
was cast from plaster of Paris and the clay had to be pressed 
into this in forming the brickette. Naturally it was not possible 
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Fairbank’s Clips and Form of 
Brickettes Used in Cement 











New Style Clips and Brickettes. 














Testing. 
Strength Strength 
No, | Break-| lbs. per sq. Remarks. No Break-|lbs, per sq. Remarc: 
ing in, correct- ‘ ing |in correct- 
load |jed for area. load jed for Pouches led for areas bins MuncianuaElais 
BA Ses CaM . Broken in clip) 1 58 68.3 Broke square 
2 {100 | 118.88 | Broke square 2 72 84.8 Broke square 
3 79 89.9 Broke very bad| 3 718 88.8 | Broke square 
4 80 94.2 Broke very bad| 4 90 | 102.5 Broke square 
5 81 92.25 | Broke very bad| 5 76 86.5 Broke square 
6 95 | 108.2 | Broke very bad) 6 78 88.8 Broke square 
7 89 98.2 Broke bad Ts 74 84.2 Broke square 
8 | 100 | 110.1 Broke bad 8 76 86.5 Broke square 
9 | 100 68.3 Broke bad 9 85 97.9 | Broke square 
10 97 | 110.4 Broke good 10 90 | 102.5 Broke bad 
11 81 92.25 | Broke good 11 94 | 107.0 Broke square 
12 98 | 115.3 | Broke bad 12 69 78.6 Broke square 
13 94 | 107.0 Broke good DMS SiN A AON NN Broke in clip 
14 91 | 103.6 Broke good 14 90 106.0 Broke good 
Ls 82 93.4 Broke good 15 70 79.8 |. Broke very bad 
16 92 | 104.7 Broke good 16 92 | 108.1 Broke good 
Le 95 85.4 |. Broke bad 17 95 | 104.6 Broke bad 
18 83 94.5 | Broke good LSU Maen iyees thane Broke in clip 
19 69 78.59 | Broke bad 19 70 79.8 Broke good 
20 a ne ae Broke good 20 | 60 68.3 Broke bad 
21 95 | 108.2 Broke good 21 80 SAND Broke good 
22 95 | 104.7 Broke bad 22 84 95.6 Broke good 
23 98 88.8 Broke bad 23 ‘Go 89.9 Broke good 
24 89 | 101.86 | Broke bad 24 JA (aA Broke in clip 
25 88 88.8 Broke bad 25 DAA ANIMAL SBS Broke in clip 
26 95 | 104.6 Broke good 26 50 56.9 Broke good 
27 89 98.0 Broke good 27 87 99.1 | Broke good 
28 80 91.11 | Broke good 28) 1 1060 120.70 Broke good 
29 | 55 | 63.7 | Broke bad 29 | 80| 91.1 | Broke good 
30 | 109 | 120.0 | Broke good 30 | 73 83.1 Broke bad 
31 96°) 105 ..7 Broke good Say Go 15:29 Broke bad 
32 86 GELS Broke good 32 | 80 91). 1. Broke good 
33 56 63.7 | Broke bad 33 | 37 42.1 | Broke good 
34 93 | 105.9 Broke bad 34 80 9151 Broke good 
35 | 109 | 124.1 Broke good 35 80 | pS a Broke bad 
36 89 98.2 | Broke good 36 70 79.8 Broke good 
at 91 | 100.2 Broke bad 37 CS GC ae Broke good 
38 | 81] 89.2 | Broke good 38 | 60| 66.0 | Broke good 
39 | 100 | 113.88 | Broke bad 39 70 79.8 | Broke good 
| | i 
NEASTIMO UI 2 yu Ul 120.0 IRSA eee ele erate 120.7 
IBERTUL TOUTING So ahalio celta al elts 68.3 ETT NS oles alot diate 77.4 
VORA SC Malai 105.5 AV EGRAZO) "io isla ineisteree 92.5 
BUMCUMALION) 0/0 \aie Nu 0 43.0 Pinctiationy (ic. 35.8 


11.1% broke very bad 
44.4% broke bad 
44.4% broke good 


72.9% broke square 
14.2% broke bad 


3.9% broke very bad (crushed) 








238 THE E. G. ACHESON PROCESS OF TOUGHENING CLAYS. 


to form as solid a brickette as where the mold closed around the 


clay. 


In an attempt to overcome this defect two other sets of 
brickettes were made up, using the cement mold for all. The 
brickettes that were to be pulled with the new clips were then 
made to fit them accurately by rounding off the corners, and 
bringing the faces to a true plane, by sand-papering them 


smooth. 


The following table gives the results obtained from this new 
set of brickettes: 


Old Style Clips. 








Strength 











No. 


ee 
SCWMONHMOFWNWH 


oe 


i 
co bo 


14 
15 
16 
AG 
18 
19 
20 
21 


are Style Clips. 











; Dia t,o) eee ee 90.7 


No Break-|lbs. per sq. Remarke: 
Oo. ing |in. correct- 
load |jed for area. 
1 a "4 Broke in clip 
2 80 91.1 Broke good 
3 77 87.7 Broke good 
4 71 83.1 Broke good 
5 70 77.0 | Broke bad 
6 58 63.8 Broke bad 
7 a Broke in clip 
8 66 rete Broke bad 
9 89 98.0 Broke bad 
10 69 78.5 Broke bad 
11 78 88.0 | Broke good 
12 65 74.1 Broke bad 
13 70 82.4 Broke bad 
14 Bye we Broke in clip 
15 71 83.1 Broke good 
16 oo BH Ai 0 | Broke good 
17 72 | 82.0 | Broke good 
18 70 79.7 Broke bad 
19 63.8 Broke bad 
20 he Zi Vwoee Broke bad 
| | 
WEA TUTE er oe eae 98.0 
WEEN seo sere oes 63.8 
Pg oy ats Ft UPUREA, Ae 80.1 
Fluctuation | .)..6\ 03 3 34.9 
Good breaks......... 42.2 
58.8 


Bad breaks ee as 





Strength 
Break-|lbs. per sq. Remurke: 
ing jin. correct- 
load- |ed for area. 
ea oo 3 | 83.1 Broke bad 
iS 89.5 Broke bad 
69 81.2 | Broke good 
69 81.2 Broke good 
12 84.8 Broke good 
70 82.4 Broke good 
71 | 80.8 | Broke good 
| 70 | 82.4 | Broke good 
| 69 | 78.5 | Broke good 
76 89.5 Broke bad 
| 73 | 85.9 | Broke good 
| 25 29.4 Flaw 
| 26 | 30.6 | Flaw 
73 Bod Broke good 
| 72 | 84.8 | Broke good 
io 83.1 Broke good 
75 85.4 Broke good 
74 87.1 Broke good 
69 78.5 Broke good 
ae 90.7 Broke good 
| 77 | 90.7 | Broke good 
WETTING oe e wisteneie bee 78.5 
AVOETAPS.) te eho 85.6 
PE TCTUALION toe ueuie use 13.4 
Good breaks ........ 84.3 


Bad: breaks: . 2c. 14.7 


Very much better results were obtained in this way, as all 
the brickettes were made in the same manner. 

The percentage of bad breaks with the new clips is very 
small, almost no crushing resulting, for the pressure was brought 
to bear over the entire plane of the face instead of in a line. 
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This method was used in all of the work. In some eases not 
so good results were obtained, due probably to the fact that not 
so much eare was taken in trimming the brickettes as in the pre- 
liminary tests. But in every ease it is believed that much better 
results were obtained than would have been otherwise possible. 


Establishing Quantitative Proportions Between the Clay and the 
Amount of Straw Required. 

In order to reach any conclusions, it was necessary to arrive 
at some knowledge of the quantitative effect of this treatment. 
It was thought best to establish the proportions by weight, be- 
tween the dry straw and the dry clay, avoiding all uncertainties 
due to the amount of fluid used in tempering. 

The extract was prepared by boiling clean oat-straw for two 
hours in distilled water in a closed vessel. The liquor was then 
evaporated until a slight scum began to form upon the surface. 
The evaporation was then stopped, leaving the liquor completely 
saturated and somewhat syrupy in consistency. The liquor was 
as dark as Orleans molasses, though not as viscous, and smelled 
badly. 

By weighing the straw and measuring the resultant liquor 
it was found that 1e.ec. of liquor was equivalent to .266 grams 
of straw. 

The body chosen for this test had the following composition: 


Tennessee Ball Clay No. 2............. 338% 
PROPHET IS ROLE cece bales a) garde « ‘so. eaters ah ds 33% 
AUMATVET RE ON etrit ate eters a chet cleis MSS cle ate slat alend 17% 
SE ea Mabe eect as Sate bike) tarde Sig oi thsla ee, ssi 6 17% 


800 grams of this body, or enough to make eight brickettes 
were taken for each series. 
Series A. 

A portion of the clay was worked into a stiff plastic mass, 
adding pure distilled water from a burette. 294 ¢c.c. was required 
It was thoroughly worked up and made into brickettes. This 
gave some idea as to the maximum amount of straw liquor that 
would probably be required. 

Series B. 

The same amount of body was now taken, and straw liquor 
added until the mass had as near the same consistency as Series 
A, as could be judged from its working qualities. 274 ¢.c. liquor 
was required. The mass was wedged and made into brickettes. 
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Since 1 ¢.c. of the liquor contained soluble matter from .266 
grams straw, then 264 c.c. liquor was equivalent to 72.884 grams 
straw, or 182.2 pounds straw per ton of clay, which was the 
maximum amount used in any test. Other series were then pre- 
pared, using less and less straw liquor, and adding pure water to 
bring the clay up to the same degree of plasticity, as shown in 
the following table: 


Table Showing Amount of Iiquor Required for Tempering Clay. 

















Amount Straw ; 
Secs | SElampenee” | Amouny Nagr | Teel anes | ecg 

YD Gn OR TD De RRP 294.0 294.0 0.0 

B LO Kn Cade ae 274.0 182.2 

C 225.6 41.6 267.2 150.0 

D 187.9 i UP 259.6 125.0 

E 150.3 113.2 243 .5 100.0 

KF 112.4 

G | T0602 178.0 200.2 50.0 


148.8 261.2 | 75.0 


In the discussion of this subject before the American Cer- 
amie Society, the ground was taken that the action of tannin 
was that of colloids in general, and that other colloids would 
answer the same purposes that the tannin fills. Soluble glass or 
sodium silicate was mentioned in that connection, and to test the 
truth of this view, the following trial was made: 

Series H. 

Three gers. of sodium silicate was added to 800 grs. clay. The 
silicate made only 6¢.¢., and in addition water to the amount of 
155.5 ¢.c. was required, making a total of 161.5 ¢.c. liquid. 

The curve on page 241 shows the amounts of liquor required 
in each case: 

Appearance of Brickettes. 

A very decided darkening in color was shown toward that 
end of the series containing the most straw liquor. 

A part of the brickettes became rather too dry before trim- 
ming, and while those made up with water alone were easily cut 
with a spatula, the others were cut only with great difficulty. 

All of the brickettes were allowed to dry in the laboratory, 
and when about leather dry they were trimmed and marked. 
When thoroughly dry, the brickettes were carefully measured 
to 32nds inch, the average of the opposite faces taken where any 
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difference was found, and were then broken in the testing ma- 
chine. The following table shows the results: 








ane SERIES B. 
SERIES A—Water. 182.21 lbs. Straw to 1 Ton Clay. 
























































Strength in Srrength ID 
eh Pam Ey oe Remarks. Sr eee era pees ial Remarks. 
load |ed for area load bed fora. neat |i ial mic cuneals Los aeen 
| | 
1 she UN aula Good break 1 | 380] 383.64 | Good break 
2°} 16 | 18.22) Good break 2 | 34 {| 40.03 | Good break 
3 16 18.22 | Good break 3 | 41.85 | Bad break 
4 | 22 | 24.57 | Good break 43 | 34.16 | Good break 
5 25 27.53 | Good break 5 30 33.64 | Good break 
6 18 21.20 | Good break 6 S 33.64 | Good break 
q pe 24.57 | Good break i | 36.44 | Good break 
8 15 17.09 | Good break 8 | 43 47.35 | Good break 
| | 
oMaxinium |) 6)! 21.08 i Gz 4 bea h bb ae Were any amen 47.35 
REIMAN ee eae 17.04 Miniminm) 3. hieas) ene 33.64 
AVETALO He wie lek ee 18.92 AVETAZ Ey ela 34. D9 
PAluCctuUation | 2 6. 37.80 Fiuctuation® (30 400. 28.90 
Sea ie SSHRingsECuy SERIES D._ 
150 lbs. Straw to 1 Ton Clay. 125 lbs. Straw to 1 Ton Clay. 
| TU ae Co a as ie a 
a 38 | 43.33 1 34 | 37.44 
2 30 BD Joo, 2| 35 | 39.75 
3 32 36.48 3 | 40 45.56 |. 
4| 30 3D.00 4 41 45.15 
5 14 36.48 5 30 BosooN 
6 36 | 41.07 6 42 | 46.25 
7} 18 | 21.20 | Flaw 7 46 | 54.18 | 
8 | 42 | 47.83 | Sl soe | 57.24 | 
| | 
Maximuniito.cucan een 47.83 Maximum i. ee ae 57.24 
BiNTM aM ei eects BDeoo Minimum ios oie BD Lee 
PV CTARC TA. LU rcuatalsers 39.40 Averaze: hohe. ni 45.1 
Plucttation 0.2 Wiese 26.10 Fluctuation, 2.05252. 38.2 
SERIES E. SERIES F. 
100 lbs. Straw to 1 Ton Clay. 75 lbs. Straw to 1 Ton Clay. 
| | 
1 | 47 | 51.76 1 3 38.72 
2| 43 | 48.88 2| 40 | 45.56 
3 45 | 51.25 |. 3 | 25 | 27.53 | Flaw 
4 Bay Ry atcha Broke in clip | 4 | 48 | 52.86 
5 Hap Yrs Spies Flaw 5 47 | 53.538 
Ol STi 2 S161) 6 25 | 27.53 | Flaw 
T.4 BSh 4a 225) 7 | 86 | 39.64 
8 | 40 | 45.56 | 8 | 54 | 51.41 | 
| | | 
DAXIMUM Ui vicir nis 59.47 Maximum) ../0ics0 oe 59.47 
Minimum 05. us aioe 38.72 Minimum ick eee 38.72 
AVORALE ici Qe ian 48.29 AVETAZE! ou Re als 48.29 


Fluctuation ........ 34.9 Pluctuation 26 esas 34.9 
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SERIES H. 
SERIES G. Sodium Silicate, 34 Percent of Dry 
50 Ibs. Straw to 1 Ton Clay. Weight of Clay, made up into 
Thin Solution 
ee prgneth in Pies Strength in 
No. jae - rip eee Remarks. No, | ing ee Remarks, 
load ed for area, Load. | ed for area, 
| | 
1 35 39.75 1 | 36 40.91 
2 38 41.85 2 34 37.44 |. 
3 40 45.56 2 40 45.56 
4] 30 | 34.17 |. 4} 35] 41.22 
5 mene ray ore» Flaw—broke 5 | 30 34.17 
6 (IR | Eiht i Flaw—broke EN at Te Broke in clip 
vj 35 | 38.54 7 | 30 | 35.00 
8 40 | 45.56 $1) 2%.) 81.80 
BO | | | 
1 E34 605 Cc 45.56 Maxi |) hei ssc eas 45.56 
i STE GO6 Toca ae Rage 34.17 AVE DITA TUL TIN (oh aes aac 31.80 
WANOTA ZO ONG. hick ee: 40.9 A VETALO. . iataisd cd ua 38.06 
Blacerationg 05 ule. 3 25.0 Hiyetuation joo. 024: 30.2 





The result of these tests shows that the addition of straw 
liquor makes a very great improvement in the strength of the 
body. Seventy-five pounds of straw per ton of body gave the 

best results, 166% over the strength of the clay molded with 
water alone. The figures are shown graphically in curve on 
page 244. 

The above results were unexpected in showing the maximum 
results with so low an amount of straw. In order to verify it, 
and to test the effects of still lower amounts, the work was re- 
peated using 25, 50, and 75 pounds straw per ton of body—Series 
F., G. and I. In addition to these two other series were also 
made: 

Series O. 

800 grs. clay made into brickettes, using as fluid the refuse 
from a starch factory. This solution was thick, containing 0.2 er. 
solid matter per c.c. liquid. 300 c.e. liquid or 60 gs., solid sub- 
stance was required to be equivalent to 150 pounds per ton body. 
Series P. 

A. thinner solution containing .052 gr. solid per 1c.c. was 
used. 300 gr. liquid or 15.6 gr. solid were added to the clay— 
equivalent to 39 pounds solid substance per ton clay. This was 
made into brickettes as before. 

The results of these five series are shown in the table on 
page 245. 
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DUPLICATE SERIES F. DUPLICATE SERIES G. 
75 lbs. Straw per 1 Ton Clay. 50 lbs. Straw per 1 Ton Clay. 
Strengthin MDL nt a Strengtninl |i ea Le 
No, [Preak-libe. per st} Remarks, |No, [PICS HEP G| Remarks, 
load _ |ed for area. load Jed for area. 
1 | 41 | 46.7 1 42 47.8 
Ze ply ails spe Broke in clip 2 36 42.4 
a 44 50.1 3 40 45.5 
4 22 mieiayy Flaw 4 ays 43.5 
5 AL 46.7 5 27 Vey! Flaw 
6 ot 42.1 6 40 45.5 
7 ae Alaa Broke in clip 7 35 39.8 
8 | 44 | 50.1 8 37 43.5 
PUAXIMUIMY Kb oe eiutea e's 50.1 WANT i. do slates 47.8 
PVETO IMA T s aG coe ss 42.1 UVEATHTEODUETIN oorelleed cig) a}as els 39.8 
PNVOTA SEN E. 18 slia lol uisiieres ei ess 47.1 VOLASO Wo ahisleaie saa 44.0 
Fluctuation ......... 16.0 BIGETUATION Woe ona 16.7 
SERIES I. SERIES O. 
25 lbs. Straw per 1 Ton Clay. Using Heavy Starch Solution. 
1 35 39.7 1 27 30.7 
2 32 37.6 2 30 34.1 
a 40 45.5 3 20 Veal Flaw 
4 35 41.2 4 30 34.1 
5 46 52.4 5 15 17.0 | Flaw 
6 36 41.0 6 30 34.1 
7 Sit 42.1 7 35 39.8 
8 45 51.1 8 oe 42.2 
Ais S ohooh hae thie Sem ane 52.4 Maximume sss tus Selec. 42.2 
is Sure to hos eR OA uoaae 37.6 Minimum yee ek 30.7 
MA OV ROG Laos yal sisi (a'e 43.8 A VCRAZEI dete ute seca ate 35.8 
Fluctuation ......... 28.2 Fluctuation: |. 4:65 3). 3 27.2 
SERIES P. 
Using Thin Starch Solution. 
a4 40 45.5 
2 ane A Broke in clip 
3 32 36.4 
4 ay bwiitaia' so Broke in clip 
5 39 44.4 
6 ao 37.5 
t 34 38.7 
8 40 45.5 
Maximum eee scat 45.5 
AAT TH TADS ce Ueue ae De 36.4 
AV OUA BONS ae: adie cela lets 41.3 


Phictuation) 3235..).', i e000 
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The results of these series verify series F and G very closely. 
They also show that by using the starch solution almost as good 
results can be obtained as by using straw. 


Consideration of Cost. 


Having established the relation between the quantity of 
straw and its effect under the preceding conditions, it now be- 
comes possible to discuss the question of cost and whether the 
process is practical from a financial standpoint. 

A great deal of difficulty was found in connecting the cost 
of the body with the cost of the ware. Almost the only literature 
found on this subject were two articles by Mr. Ernest Mayer, 
published in the Transactions of the American Ceramic Society, 
Vol. II, p. 160 and Vol. III, p. 193. From these articles, we find 
that 40,000 complete sets of assorted table ware cost $143,352.00. 
There was a total loss of 2%, due to breakage, cracking, ete. The 
biscuit loss alone was 1.18%. 

As a basis, we assume that by using straw solution we cut 
down the loss to 114%, or make a saving of 0.5%. It must be 
stated here, however, that a saving of 0.5% is a very liberal 
assumption, when we consider all of the causes to which the 2% 
total loss may be assigned ; 0.5% is about 50% of the total biscuit 
loss and 25% of the total loss from all causes. 

From the 40,000 sets made, 98% or 39,200 sets are salable. 
Those 39,200 sets were made at a total cost of $143,352, or $3.659 
per set. 

If, by treating the clay with this method, we can, according 
to the above assumption, produce 98.5% or 39,400 salable sets, 
we cut the cost down from $3.659 to $3.638 per set, or a saving in 
eost of 2.1 cents per set. This saving of 2.1 cents per set in cost 
means a total saving of $827.40 in the cost of making 39,400 sets. 

It is a fair proposition then that this $827.40 can be spent in 
giving the clay this treatment, if it increases the good sets from 
98% to 98.5%, or with not extra total cost turns out 200 extra 
sets upon which is secured a profit. 

Now to produce these 40,000 sets there was required 


POTTING: | esr OS ae ae Saiian ct eae Gn ean et 440 tons 
SSD AT sil. ds 5 je lees se eure lletenee kere Cerone rs Ga. Sl CmUaRINNS 175 tons 
OnHina Clay ery ate ay athe nae es en en 410 tons 
Ball xOla ys Ne Weve eas teeta gene Care eas 205 tons 


fay orc BIN CRUD eee TAT SIC BE CDN UHL '..1230 tons body. 


THE E, G. ACHESON PROCESS OF TOUGHENING CLAYS. 247 


By the saving of 0.5% ware, we are enabled to spend $827.40 
for the treatment of this 1230 tons body, or 67.2 cents per ton. 

We may assume that the average plant consumes five tons of 
clay per day. According to the results found, 75 pounds straw 
per ton of clay gives the maximum results; then five tons of clay 
require 375 pounds or 0.1875 ton straw, which is to be handled 
every day. One ton of clay requires approximately one ton of 
water to slip it. To slip five tons of clay per day requires five 
tons of straw liquor. In order to handle this amount, or 320 cubic 
feet, there would be necessary some kind of boiler, or vat, such 
as is used in the tanneries. 

At a small cost, a vat of sufficient size could be constructed, 
provided with a heavy grating or iron frame, raised and lowered 
by pulleys to hold the straw under the surface of the water. 

The liquid could be heated with exhaust steam. After the 
straw had been used for making the infusion, it would not be 
feasible to dry it and use it for packing, because the heat and ap- 
paratus for artificial drying, or the time, labor and annoyance in 
natural drying, would amount to more than the first cost of the 
straw. 

It is evident, then, that the first cost of apparatus for putting 
this treatment into operation is small, and probably not greater 
than the expense necessary in ageing the clay. 

The labor required in putting 375 pounds of straw into the 
vat and removing it would hardly be more than two hours work 
for one laborer. 

The running expense of this treatment per day, or for five 
tons of body, would be 


375 lbs. straw at $6.00 per ton......... $1.125 
2 hours work at 12% cents per hour... 0.25 
OER yr ine ee dvi lolerhy. tila sya $1.375 


or $0.275 per ton clay treated. 

We have shown before that if by this treatment we can cut 
down the loss by 0.5%, a saving of $827.40 is made in making 
39,400 sets of white ware. To make this requires 1230 tons of 
elay, which costs $0.2750 per ton for treating. This means an 
expense of $338.25 in making 39,400 sets. Thus the treatment 
‘makes a saving of $827.40—338.25—$489.15 in the cost, to which 
must be added the profit on the 0.5% or 200 sets of salable ware 
‘saved from going out as scrap. 
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It follows from this reasoning, that the process is a feasible 
one from a financial standpoint, provided it produces the desired 
results, or bears out the above assumption. It must be remem- 
bered, however, that the plant from which these figures were taken 
is run upon a very high scale of development, and therefore 
while a small saving of $500 per year is made, it is not favorable 
to Mr. Acheson’s point of view, in that it does not represent the 
average commercial conditions. 


In order, therefore, to present the case as fairly as possible 
to Mr. Acheson, we will take a purely hypothetical case which we 
believe nearer the conditions upon which Mr. Acheson would base 
the value of his method. 


Let us suppose that in a plant making 40,000 dinner sets per 
year, the total loss is equal to 10%, of which 6% is biscuit loss, 
not including the loss in making and drying, which falls upon the 
operative potters. 


As a basis we may assume that 50% of the biscuit loss is 
prevented by this treatment, or, the total loss is cut down from 
10% to 7%. 

The cost of making 40,000 sets is $148,352. If the total loss 
is 10%, then 90%, or 36,000 sets are salable. The cost per set is 
then 143,352~—36,000—$3.982. If the loss is cut down to 7% 
then 93% or 37,200 sets are salable. The total cost of production 
is $148,352, hence each set costs $3.853. This is a saving of 
$3.982—3.853—$0.129 per set, or 4798.80 in the total of 37,200 
sets. 


We found before that the cost of the treatment was $338.25. 
This makes a net saving of 4798.80—338.25—$4460.55, plus the 
profit on 1,200 sets of ware. 


The saving in this case is great enough to bear consideration. 
But it must be remembered that these results are based entirely 
upon hypothesis. The value of these calculations depends en- 
tirely upon the condition that the treatment itself bears out the 
hypothesis, or that it will produce a saving of 50% of the biscuit 
loss under the given conditions, and the results of the experiments 
so far conducted do not allow the statement that such benefits 
will follow this treatment. 
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Effect of Aging. 


In order to determine whether the process takes the place 
of aging, or whether clays treated by the Acheson process would 
show a still further gain in tensile strength after aging, two 
series were made and allowed to stand for eighteen days before 
making into brickettes. 

Series N. 

Using strongest straw solution or 182.2 pounds straw per 

ton body. 


Serves M. 
Using water alone for tempering. 
The results of the tensile tests are as follows: 





























SERIES M. SERIES N. 
Using Pure Water—Aged 18 Days.|Using 182.2 lbs. Straw per Ton Clay 
et Sd cada in Bene aes, in 
€ —|lbs 
No. ae os Bae No. he in. tooled 
load ed f for yr area. tia! load jed for area. 
| 
a Hout 40 eg Sai) 1 50 56.9 
2 35 AbD, 2 52 57.2 
+ 36 43.9 S 51 56.1 
4 31 43.5 4 51 56.1 
5 40 48.7 5 55 56.5 
6 41 47.5 6 55 60.5 
7 42 49.4 | i 51 56.1 
8 38 44,7 8 46 52.4 
9 44 | 51.8 
Gi OE ORES URE Oa pn 
EASED ee eh Gee a2 51.8 WR SEINE aha crete inva 60.5 
WY V8 boe 33 40 Ca ee 41.2. IETS ELATED sr cra loaner ethan 52.4 
VOFABE weiss wieiaaycos 46.6 AVOPAGO iss Fiore tele chevesete 57.2 
PUIG CUAtION: usa -aia s)ae8 20.4 BINClLuatiONy Wi. ckacters Dono 





The results from aging the clay shows a very marked im- 
provement over those from the clays that were not aged, espec- 
ially in the case where water alone is used. By aging we secure 
an increase in tensile strength of from 18.92 pounds to 46.6 
pounds where water alone is used for tempering, and where the 
straw solution is used the increase is from 37.5 to 57.2 pounds. 

While the gain in aging is not as great as when water is used 
alone, still it is considerable. It really is an argument in favor 
of the Acheson process, in that it shows that the latter exerts its 
action almost immediately and renders aging unnecessary. 
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The results have shown that it is not necessary to use large 
proportions of straw in order to secure the maximum results, 


hence 75 lbs. straw per ton of clay was selected as the basis for 
further work. 


The Effect of Sipping on the Strength of the Clay. 

The foregoing tests have been made on clay tempered with 
the minimum quantity of water to make it up to a plastic paste. 
Under these conditions certain benefits have been shown to accrue 
from the use of straw solution instead of water. But in making 
white ware bodies we must expect to slip the clays thoroughly, 
in order to incorporate the flint, spar, ete., into the mixture with 
perfect homogeneity. Instead of 25% of water as in the plastic 
process, about 100% is needed for slipping, and the straw solu- 
tion is thus rendered correspondingly dilute. 

To determine whether this dilution affects the. resultant 
action on the clay, the following tests were made. 

Five series were made, in each ease the clay being shpped to 
as nearly a uniform density as possible, thoroughly blended and 
allowed to stand twelve hours. The slip was then filter pressed 
to just the density for working well, and made into brickettes. 

The results of the tensile tests were as given in tables on 
page 251. 

These tests show the surprising fact that when the clay is 
slipped the strength secured by using water alone is as great 
as by using the different solutions tested. With water alone we 
secure an increase of from 18.92 lbs., by stiff-mud method, to 53 
pounds slip method, while with straw solution the increase is 
from 48.3 to 51.2 pounds, the latter being less than with water 
alone. 

The curve on page 252 shows the difference in working the 
clay into brickettes, stiff mud and slip process: 


Substitution of China Clay for Ball Clay. 


The object here was to secure greater whiteness in the body 
by using china clay for ball clay, while still attempting to pre- 
serve the plasticity of the body by the Acheson treatment, this 
being one of the chief advantages claimed under his method. 

The body chosen for the experiments was designed to mature 
a good white ware body at cone 4. The formula was: 


0.12 CaO : 
eG \ 1. Al,O,, 4.38 SiO, 
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SERIES I. SERIES II. 
75 lbs. Straw per 1 Ton Clay. 50 lbs. Straw per 1 Ton Clay. 
Strength in Strength in 
em Rie Midi correct Remarks. Nol li ine: ha. coreeeil it Remarks 
load jed for area. load jed for area. 
1 50 58.8 i 45 49.5 
v4 42 47.8 2 42 47.8 
FH 47 56.5. 3 48 54.6 
4 46 54.0 4 ae 43.5 
5 42 47.8 5 42 47.8 | 
6 40 45.5 6 on es Broke 
7 43 48.9 |. 7 40 44.0 
8 a Had Broke in clip 8 40 44.0 
GVEA NTOAUTIN ike s Gialare ware 58.8 Maximum ue see 54.6 
VE PTNATIUTENE Fi sesh edaevelte.ens 45.5 PVE TRNITUUETO 15 -o sadist a aie sais 43.5 
PA VEPASE Yard's else bh 51.2 VICTA GE to) lesa lelal'el sels 47.3 
Piuctuation 27.284. 22.6 BP HICtUATION® « csioee) ates 20.3 
SERIES III. SERIES IV. 
Using Heavy Starch Solution 150/Thin Starch Solution 39 lbs. Solids 
Lbs. Solids per 1 Ton Clay. per 1 Ton Clay. 
1 42 | 47.8 a 42 47.8 
Z 50 58.8 2 40 45.5 
3 55 60.5 3 42 49.4 
4 45 51.2 4 40 45.5 
5 48 52.8 5 38 44.7 
6 47 56.5 6 ae ay 
if 42 47.8 < 42 49.4 
8 50 56.9 8 40 ATE 
| 
NER TEU TAB eee Neate. Core 60.5 VEST TIN Bote chalet can 49.4 
BVETIVAAEEULEND ON scaichccershule, oss 47.8 Mini oe odes 44.7 
WAV EASE lish: sa! vib elie ote 54.0 AVETALO Ho hiring 47.0 
IP TUCTUALION (3s. cinais) ears 2160 PIVCTUATION Ss sales 9.5 
SERIES V. 
Using Water Alone. 
A 44 52.0 
2 50 56.9 
3 42 47.8 
4 45 53.0 
5 52 59.1 
6 45 53.0 
UGE UU Pn Ya! 
8 | 47 | 55.6 
| 
1 00 80) 00 Ee Orne 56.9 
OO Ca 1 ae ee 47.1 
CLG cid sive toate jae ass 53.0 
PLUCUIALION! .aicieiwe ks 17.2 
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It was made from English ball clay, English china clay, 
flint and spar. It will be found on calculation that the clay sub- 
stance is equal to 50%. 

The following bodies, each having the above formula, but 
varying the clays used, were made by slipping with water and 
pressing after standing for ten hours: 





| Ball Clay | ChinaClay _ 
PIGTICS We a aaa lie alld eicta 50 0 
pec USS Nt ft SRL 40 10 
SETS RUE LUNN s! ao SK adel at atells 30 20 
BOE TOR Ein ines eit ale cielatale 20 30 
SMP SENN at A aitunigiens sane 40 40 
SETICS MNase cleus} 0 50 


Series XII to XVII were similar in composition, but con- 
tained in addition straw liquor equivalent to 75 pounds per ton 
body. | 

All were made into brickettes as soon as pressed. Not a very 
great difference was noticed in the working qualities of analagous 
members of the two series, but considerable difference was found 
between the extremes of either series by itself. 

A very decided color range was shown in each series, and as 
a whole the series VI, VII, VIII, etc., was much lighter than the 
XIT, XITI, XIV, ete. | 

The results of the tensile strength are shown in the tables 
on page 254 and 255. 

The results from this set of experiments being condensed in 
the curves on page 256 show that the influence of the straw solu- 
tion is very much greater in the bodies in which the ball clay forms 
the largest per cent, and as the China clay increases, the difference 
between the two series becomes smaller, until where the largest 
amounts of China clay are used the difference it not of practical 
importance. 

It is just here that the increase in strength should be ex- 
pected according to Mr. Acheson’s claims. It would seem from 
this that the treatment really does not in itself create plasticity 
or strength, but simply acts as a sort of catalytic reagent in de- 
veloping a ‘‘latent’’ plasticity and strength in an already plastic 
ball clay, while affecting a kaolin very much less. 
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WITHOUT STRAW LIQUOR. 











SERIES VI. 
50 Per cent Ball Clay. 

















SERIES VII. 


40% Ball Clay—10% China Clay. 






































Strength in Strength in 
No. ene papal ti Remarks. No. eel a oka Remarks. 
load |jed for area. load jed for area. 
| 
1 | On | 25.0 dB packs 18 OE Law 
21) 16 ets 24) yen 247 
3 250) 2804 Bt chek BOLT 
4 30 S452 4 2M Ore 
5 ae ines Broke vite a By 3) 
6 20 Bons 6 LS 1) 20.00 
7 16 20.2 7% 22 1 25.0 
8 15 17.6 8 20 22.8 
| | 
WEAN ee ae a 34.2 Maximum iLeer eee a0cw 
DET IIVI eos chee eines 1720 MIDI ie oe 20.5 
INVETAS ED Osis leis uslemcste 23.8 PA VOTARZE Oeil legate eke 24.9 
Hluctuation eee 48.5 Phictuation i. 2h va ee Bag 
i SERIES VIII. CES NRT HS UXO 
30% Ball Clay—20% China Clay. | 20% Ball Clay—30% China Clay. 
peel | ; 
1 15 17.0 1 16 19.5 
2 18 212 2 16 18.8 
3 16 LS 3 ara at Broke in clip 
4 16 18.2 4 A ue Broke in clip 
Sor) nr Un Mane 5 10 Eben, 
6 LOW 24h Gy 12 14.6 
7 19 45: 20.5 Te 14.6 
So a ec 00 8.1 14 16.4 
| | a 
WEAR leet laste to 24.1 Gui Reto ban) Go7 BARRA Colok 19.5 
Manin tan hae ie ees 17.0 DINAMO ee one 14.6 — 
AVOETAL SW Oc ene 20.3 AVCVASe Hite eaie 16.0 
WIUCTUA HOR (4.02 Oe ie wes 29.5 BIctwationy ae 25.1 
SERIES X. hi SERIES XI. 
10% Ball Clay—40% China Clay. 50% China Clay. 
1) 20 | 11.3 1 .... | Broke in clip 
2 LEN RK 2 i. 7x9 
S 11 12:9 3 : rapt Broke in clip 
CUA AT MAE Sua Ao ae! OM Broke iakel D 
SRA Tn Bry Pee WE 5 Gut 6.8 
6 a Ma pi ea 3 6 yoha ike 
7 PU LAN rf 5 5.6 
SA ALO wal aate 8 4 | 4.4 
HN CON Mn Rou Lia uel) 
NEAR TEI fea ea tele 14.1 Maximuniys ive iaiun be 
INERT a a es Chan LEO Minimum ote 4.4 
AVEPAZE bo OR NU ota 12.5 AVOrASe | Ree se 6.4 
PIUCtUAtION Weclsnis iets 2109 Mhuetuation- 2cae ss ee 44.3 
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WITH STRAW-LIQUORK EQUIVALENT TO 75 POUNDS PER 1 TON CLAY. 
















































































SERIES XII. SERIES XIII. 
50% Ball Clay. 40% Ball Clay—10% China Clay. 
Duchy in Strength in 
Bernier oie eriece: Remarks. Novae ek. Remarks. 
load |ed for area. load Jed tor area. 
al Be 36.4 a a2 36.4 
2 FAG ae 2 PS 28.0 
53 20 22.0 Flaw 3 20 22.0 Flaw 
4 oo 31.5 4 Bo oso 
5 | 24 | 28.2 5 Zap te 28.2 
6 27 Bad oar g 6 vat a UG 
6 30 a4 .1 fi 30 a4. 
8 30 Sar vt 8 30 | 33.0 
| | i | | | 
PNT R Sed TUNOUTIN ocho eee tee: « abeD ea SOUT T Ia, (Ee gen agers SL eo 
AER LIAR LAS ee oh eke, 28.0 VET PNA aw ses lea eeu 28.0 
eMC ER: Ps Se re Aiea Pi NNVCS) og ke ena ee AUR Ey AB | 
Fluctuation Rye th ata bae 250 FOHICCWACIONN |.) c3h'e cele 25.3 
SERIES XIV. | SERIES XV. f} 
= Ball Clay—20% China Clay. | 20% Ball Clay—30% China Clay. 
| 
| 34 | 37.4 1 19 216 
2 40 | 42.6 2 vA 23.9 
3 301i 633-0 3 A WAG 4 
4 32 | 34.1 4 19 21.6 
5 30 | 33.0 5 25 26.5 
Of loo: so. E 6 YAR 26.2 
7) 830), 36.3 Gh 24 [20.8 
SUR Oo heist sO | Sieh ie | 20.9 
Rearend ae 3} | 
NEAXTTAMIN, Gress Sse eis ot 42.6 i Koi G hae b Wed) rennin Reyes Pat 
PVA TID UTTIAUENG oe ache (ctw ens 30.0 PEATE UI Ooo uve rela) aisrs 20.9 
POT Be CO he edt otal ob acai atcls 36.1 PVG P ASS Wi lain saath arg 24.3 
Fy iuecuation. Fe UA Ge <i 22.5 ETUC CUATION oe aie e aes aoe 
SERIES XVI. SERIES XVII. 
10% Ball Clay—40% China Clay. 50% China Clay. 
| 
if 14 | 16.4 LOS ai 8.2 
yy a 17.6 Oo Lae aval 
3 | 14 15.4 3 | 8 8.8 
4 LL ewe 4 6 6.6 
5 Oo eG 5 fi 7.8 
6 LeeLee 6 6 6.8 
7 13 | 14.9 (ial ec 7.8 
8 0 SPIES: 8 i Wak 
saat 
VES RLIINETID) ohsal cies: oletenai'e 17.6 MAXIMA 0 ee Sele 8.8 
MVP TEVEITMULIED) (o ah eo as sch ate e at 10.6 DVL) WNTEE c ob aoe are eles 6.6 
VCP ALO 8 oh Sat ieee alls 14.7 WAVE Cis oe ana oF ald Geren 7. ; 
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Burning. 


Brickettes from each of the preceding series, VI to XVII, 
were burned in a saggar in an updraft test kiln to cone 4, requir- 
ing ten hours. Very little difference in color is shown between 
the two series; if anything, the series in which the straw liquor 
was used is the whiter. Also, very little difference in whiteness 
is shown between the extremes of each series. It hardly appears 
that the gain in whiteness is sufficient to justify the use of china 
elay in place of ball clay. 


Influence of Treatment on Glazes. 


About the time these experiments were completed other ex- 
periments were being made upon stoneware glazes, and great 
difficulty from crawling of the glaze was experienced. To see 
/what effect the straw liquor might have upon the glaze, a few 
trials were made, to which the liquor was added. 


The glaze had the following composition : 


0.35 K,O 
0.32 CaO 0.5 Al.O, 2.75 SiO, 
0.32 ZnO 


To portions of the glaze were added liquor in equivalent 


‘amounts of straw to form, 


No. 1—0.5% straw to dry weight glaze 
No. 2—1.0% straw to dry weight glaze 
No. 3—2.0% straw to dry weight glaze 
No. 4—3.0% straw to dry weight glaze 
These were burned to cone 6 in a quick fire. All the glazes 


lay much better than those which had not been treated, and the 
results improved with the amount. In No. 4 almost no crawling 
resulted. The glazes were of a darker color than the others, due 
to the fact that the burn was too rapid to allow of oxidation. In 
all probability the carbon would burn out, if the burning were 
properly conducted. There would seem some possible room for 
the use of this method in stoneware glazes, by using china clay 
in place of ball clay, producing a whiter glaze. 


DEDUCTIONS AND CONCLUSIONS. 


From the results of these experiments, we may deduce the 
following points: 

1st. The maximum results are obtained by using a com- 
paratively small equivalent of straw to clay. 

(a) The effects are produced practically at once. 
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(b) Where the clays are aged before use, the advantage of 
the process is much curtailed. 

(c) Where the body is prepared by the slip method, as is 
customary in nearly all white ware plants, the advantage of the 
process becomes so small as to be valueless. 

2nd. More advantage is gained in bodies that contain con- 
siderable ball clay than where china clay is used. The influence 
is not very marked in the latter case. 

3rd. The color of the finished product is not materially 
affected by the application of the process. It may be that the 
whiteness is slightly increased. 

4th. Physical effects. 3 

(a) Amount of water needed for tempering is somewhat 
lessened. 

(b) Hardness in dry state is greatly increased, but shows 
no inerease in burned product. 

(¢) Treatment does not seem to influence plasticity to any 
marked extent. NN, 

As these experiments are very largely confined to determina- 
tion of the strength of the clay as shown by the tensile test, and 
as this method of estimating the working properties of a clay is 
by no means fully accredited, and in fact is considered in some 
quarters of being of little direct value, it would therefore be rash 
to reach any broad or sweeping conclusions on this evidence alone. 
But that it has some value can searcely be doubted, and it is. 
proper, therefore, in the absence of other data, to reach some pro- 
visional conclusions. 

We have shown that from a financial standpoint the method 
is restricted to the higher grades of the ceramic industry, or to 
those classes in which the cost of the raw material is very small 
as compared with the value of the final product. 

In the better classes of ware the method is feasible so far as 
cost is concerned, provided the desired improvement in quality 
ean be obtained. 

The results obtained here are greatly at variance with those 
obtained by Mr. Acheson. While a great improvement in strength 
and hardness is found where the treatment is applied to the 
plastic working of the clays, as soon as the practical method, or 
that of slipping, is used the advantage dwindles away to nothing. 
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The best results seem to be gained where clays are used that in a 
good degree possess the qualities sought, rather than developing 
the qualities in a clay which does not possess them to any extent. 
These results are in direct opposition to those of Mr. Acheson, 
who found a great increase in strength, plasticity and hardness 
in kaolins and in china clays, that before exhibited these proper- 
ties in only a small degree. 

In the white ware industry it is perfectly possible, with a 
knowledge of the various clays at command, to obtain the proper- 
ties demanded in practice, so that it does not appear that this 
method of treating bodies will be likely to lead to any great 
economic changes. 

The results appear most favorable to industries manufactur- 
ing their ware by the plastic process. Here a marked development 
of properties is produced in a very short time. But as we have 
shown, the method would be limited to a very few industries 
because of the cost. 

Possibly the process could be applied with profit to the man- 
ufacture of high grade fire brick, glass pots, crucibles, gas re- 
torts, ete., but the experiments made do not justify definite 
conclusions, and further work would be necessary along any 
special line to be considered. 


A TABLE FOR QUICKLY OBTAINING THE SILICA CON- 
TENT OF GLAZES, WHERE THE TOTAL OXYGEN- 
RATIO AND THE ALUMINA ARE GIVEN. 


BY 


Ross C. Purpy, Columbus, Ohio. 


The accompanying table was made originally by the writer 
as an aid in designing experiments in glazes for class and re- 
search work, and as a rapid means of checking calculations. The 
idea that it may, in a similar way, be of assistance to others in 
the calculation of the formulae of ceramic compounds in which 
the oxygen ratio is used as a basis, and RO unity, was a natural 
outcome of the original conception. 

The table has been enlarged considerably over that of the 
original so as to include a large range of formulae, with corres- 
pondingly wide range in the alumina content as well as in the 
oxygen ratios themselves. 

The distribution of oxygen among the bases, as shown in 
the two right hand columns, was proposed by Prof. Edward 
Orton, Jr., to take the place of the inadequate and unconformable 
‘molecular ratio of alumina to silica,’’ which was used by him 
in some of his earlier work. (See Fickes, Trans. A. C.8., Vol. 
II], p. 82). Both methods show the amount of alumina present, 
and compare this with the other glaze ingredients, but, Inasmuch 
as we classify the glaze by the ratio of its total oxygen in base to 
its total oxygen in acids, it seems more consistent to classify the 
distribution of oxygen in the bases, 1. e., between RO and alum- 
ina, in the same manner. In the old method, we used one ratio in 
discussing one group of facts and a totally different basis for 
comparison in another set of facts. 

The table is caleulated on the basis that 


2 times Hav. 810, 


Ooi 
(3 times Eqv. Al,O,)-+1 





In this expression the total RO oxygen is one, and is repre- 
sented by the numeral 1. 
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For any given equivalent of Al,O,, the corresponding equiv- 
alent of S10, for any oxygen ratio can be found by reading to the 
right on line with the given Al,O,. In a similar manner, the 
oxygen ratio of a combination of RO, Al,O, and SiO, can be 
determined by reading to the right on line with the equivalent 
Al,O, corresponding to that in the problem until the correspond- 
ing equivalent SiO, is found. The O. R. of the combination is 
then read from top of the column in which the amount of SiO, 
was found. It is likely that the exact figures in the problem 
ean not be found on the table, but they will be close enough for 
most purposes. I'or more exact calculations, interpolations can 
easily be made. This, however, does not hold true in the caleula- 
tion of the distribution of oxygen in bases, for those figures do 
not ditfer by a constant factor as do those in the other columns. 


ILLUSTRATIONS. 


Problem 1—Required to compound a glaze whose oxygen 
ratio is 2.25 and whose alumina equivalent is 0.22. 

On consulting table, we find in the left hand column, alum- 
ina 0.22. Following the top line of the table across to the right, 
seven columns, we come to the oxygen ratio 1:2.25. At the 
intersection of these horizontal and vertical columns, we find 
Silica 1.8675. Our formula is therefore 

RO, 0.22. Al,0,, 1.8675 SiO, 


Problem 2-——Given a glaze whose formula is 


0.22 KNaO 

0.06 BaO 

0.18 CaO 0.287 Al,O;, 3.21 SiO, 
0.52 PbO 

0.02 CoO 


‘What are its oxygen ratios? 


No matter how complex it may be, the RO flux is always 
1 in total oxygen. This is the fundamental assumption in the 
ease. Looking again in the left hand column, under A1,O,, we 
find 0.285 the nearest Al,O, value given. Following across to 
the right, we find 3.24 the nearest silica value given. Following 
up this line, we find the oxygen ratio is 1:3.5. Our answer would 
be, therefore, 1:3.5 nearly, and subdividing the basic oxygen, 
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OxyGEN Ratios. 





of 


Alumina 


1:0.75 | 1:1.00 | 1:1.25 | 1:1.50 | 1:1.75 | 1:2.00 | 1:2.25 | 1:2.50 





Equivalent 
























































Eqv. SiO, |Eqv. Si0,|Eqy. Si0,|Eqv. SiO, 
0.000 || 0. 3750 | 0. 5000 | 0. 6250 | 0.7500 | 0. S750 | 1. oon T.1z60 12600 
0.005 || 0.2806 | 0.5075 | 0.6344 | 0.7613 | 0.8882 | 1.0150 | 1.1419 | 1.2688 
0.010 | 0. 3862 |.0.5150 | 0.64388 | 0.7726 | 0.9013 | 1.03800 | 1.1588 11.2876 
0.015 || 0.8919 | 0.5225 | 0.6531 | 0. rat 0.9144 | 1.0450 | 1.1756 | 1.3063 
0.020 || 0.3975 | 0.5200 | 0.6625 | 0. rat 0.9275 | 1.0600 | 1.1925 |. 1.3250 
0.025 || 0.40381 | 0.5375 | 0.6719 | 0.8063 | 0.9406 | 1.0750 | 1.2094 | 1.3437 
0.030 || 0.4087 | 0.5450 | 0.6813 | 0.8175 | 0.9538 ! 1.0900 | 1.2263 | 1.3625 
0.035 || 0.41438 | 0.5525 | 0.6907 | 0.8289 | 0.9671 | 1.1050 | 1.2482 | 1.3813 
0.040 || 0.4200 | 0.5600 | 0.7000 | 0.8400 | 0.9800 | 1.1200 | 1.2600] 1.4000 
0.045 | 0.4256 | 0.5675 | 0.7094 | 0.8513 | 0.9931 | 1.1350 | 1.2769 | 1.4188 
0.050 || 0.4813 | 0.5750 | 0.7188 | 0.8625 | 1.0063 | 1.1500 | 1.2937 | 1.43875 
0.055 | 0.43869 | 0.5825 | 0.7281 | 0.8737 | 1.0194 | 1.1650 | 1.3106 | 1.4562 
0.060 | 0.4425 | 0.5900 | 0.7375 | 0.8850 | 1.0325 | 1.1800 | 1.3275 | 1.4750 
0.065 ! 0.4481 | 0.5975 | 0.7469 | 0.8963 | 1.0456 | 1.1950 | 1.3444 11.4938 
0.070 || 0.4587 | 0.6050 | 0.7563 | 0.9075 | 1.0587 | 1.2100 | 1.38613 | 1.5125 
0.075 || 0.4594 | 0.6125 | 0.7656 | 0.9187 | 1.0719 | 1.2250 | 1.3781 | 1.5313 
0.080 || 0.4650 | 0.6200 | 0.7750 | 0.9300 | 1.0850 | 1.2400] 1.3950 11.5500 
0.085 || 0.4706 | 0.6275 | 0.7844 | 0.9413 | 1.0981 | 1.2550] 1.4119 | 1.5687 
0.090 |; 0.4768 | 0.6350 | 0.7938 | 0.9525 | 1.1113 | 1.2700 | 1.4288 | 1.5875 
0.095 || 0.4819 | 0.6425 | 0.8031 | 0.9637 | 1.1244 | 1.2850 /1.4456 | 1.6063 
0.100 | 0.4875 | 0.6500 | 0.8125 | 0.9750 | 1.1375 | 1.8000 | 1.4625 | 1.6250 
0.105 | 0.4931 | 0.6575 | 0.8219 | 0.9863 | 1.1506 | 1.38150 | 1.4794 | 1.6437 
0.110 1 0.4987 | 0.6650 | 0.8313 | 0.9975 | 1.1687 | 1.8300 | 1.4963 | 1.6625 
0.115 || 0.5044 | 0.6725 | 0.8406 | 1.0087 | 1.1769 | 1.8450 | 1.5181 | 1.6812 
0.120 || 0.5100 | 0.6890 | 0.8500 | 1.0200 | 1.1990 | 1.8600 | 1.5300 |.1.7000 
0.125 |.0.5156 | 0.6875 | 0.8594 | 1.0813 | 1.2031 | 1.3750 | 1.5469 | 1.7188 
0.130 | 0.5213 | 0.69590 | 0.8688 | 1.0425 | 1.2163 | 1.3900 | 1.5637 | 1.7375 
0.135 | 0.5269 | 0.7025 | 0.8781 | 1.0537 | 1.2294 | 1.4050 | 1.5806 | 1.7563 
0.140 | 0.53825 | 0.7100 | 0.8875 | 1.0650 | 1.2425 | 1.4200 11.5975 | 1.7750 
0.145 | 0.5381 | 0.7175 | 0.8969 | 1.0763 | 1.2556 | 1.4350 | 1.6144 | 1.7937 
0.150 || 0.54387 | 0.7250 | 0.9063 | 1.0875 | 1.2687 | 1.4500 16312) 128225, 
0.155 || 0.5494 | 0.7325 | 0.9156 1.0987 | 1.2819 | 1.4650 | 1.6481 | 1.8312 
0.160 | 0.55501 0.7400 | 0.9250 | 1.1100 ; 1.2950 | 1.4800 | 1.6650 | 1.8500 
0.165 || 0.5606 | 0.7475 | 0.9344 | 1.1212 | 1.3081 | 1.4950 | 1.6819 | 1.8687 
0.170 | 0.5663 0.7550 | 0.94387 )1.1325 | 1.3212 | 1.5100] 1.6987 | 1.8875 
0.175 ||.0.5719 | 0.7625 | 0.95381 | 1.1437 | 1.3344 | 1.5250 | 1.7156 | 1.9062 
0.180 | 0.5775 | 0.7700 | 0.9625 | 1.1550 | 1.38475 | 1.5400 | 1.7325 | 1.9250 
0.185 || 0.5831 | 0.7775 | 0.9719 | 1.1663 | 1.3606 | 1.5550 | 1.7494 | 1.9438 
0.190 | 0.5887 | 0.7850 | 0.9812 | 1.1775 | 1.3737 | 1.5700 | 1.7663 | 1.9625 
0.195 | 0.5944 | 0.7925 | 0.9906 | 1.1887 | 1.3869 | 1.5850 1.7831 | 1.9812 
6.200 |; 0.6000 | 0.8000 | 1.0000 1.2000 | 1.4000 | 1.6000 | 1.8000 | 2.0000 
0.205 || 0.6056 | 0.8075 | 1.0094 | 1.2113 | 1.41381 | 1.6150 | 1.8169 | 2.0187 
0.210 || 0.6113 | 0.8150 | 1.0187 | 1.2225 | 1.4268 | 1.6300 | 1.8388 | 2.0375 
0.215 | 0.6169 | 0.8225 | 1.0281 | 1.2337 | 1.4394 | 1.6450 1.8506 | 2.0563 
0.220 11 0.6225 | 0.8300 | 1.0375 | 1.2450 11.4525 | 1.6600] 1.8675 | 2.0750 
0.225 || 0.6281 10.8875 | 1.0469 | 1.2563 | 1.4653 | 1.6750 | 1.8844 | 2.0937 
0.230 || 0.63387 | 0.8450 | 1.0563 | 1.2675 | 1.4788 | 1.6900 | 1.9012 | 2.1125 
0.235 || 0.6394 0.8525 | 1.0656 | 1.2787 | 1.4919 | 1.7050 | 1.9181 | 2.1812 
0.240 110.6450 | 0.8600 | 1.0750! 1.2900 |. 1.5056 | 1.7200 | 1.9850 | 2.1500 
0.245 || 0.6506 | 0.8675 | 1.0844 | 1.38012 | 1.5181 | 1.7350 1.9519 | 2.1688 
0.250 || 0.6563 10.8750 | 1.0937 | 2.3125 | 1.5312 | 1.7500 | 1.9688 | 2.1875 
0.255 || 0.6619 | 6.8825 | 1.1035 11.3237 | 1.5444 | 1.7650 | 1.9856 | 2.2062 
0.260 | 0.6675 | 0.8900 | 1.1125 ; 1.383850 | 1.5575 | 1.7800 | 2.0025 ) | 2.2250 2.2250 











Eqv. SiO, 
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eon a .5000 
Ooo fk Lo 
41638 | 1.5450 
.4369 | 1.5675 
.4575 | 1.5900 
4781 | 1.6125 
.4987 | 1.6350 
5194 11.6575 
.5400 | 1.6800 
5606 | 1.7025 
.9813'| 1.7250 
.6019: 1.7475 
.6225 | 1.7700 
.6431 | 1.7925 | 
YOOS7) be S1L50 
.6844 | 1.8375 
. 7050 | 1.8600 
. 7256 | 1.8825 
. 7463 | 1.9050 
POCO O275| 
7875 | 1.9500 
.§081 | 1.9725 
- 8287 | 1.9950 
8494 | 2.0175 
.8700 | 2.0400 
8906 | 2.0625 
.9113 | 2.0850 
93819 | 2.1075 
895 20° 21300 
9131) (2 21525: 
$9937 12.1750 
0144 | 2.1975 
/0359 | 2.2200 
.0556 | 2.2425: 
£0763 )|'2..2650 
.0969 | 2.2875 
.1175 | 2.3100 
.1381 | 2.3325 |, 
1587 | 2.3550 
1794 | 2.3775 
2000 | 2.4000 
2206 | 2.4225 
2412 | 2.4450 
2619 | 2.4675 
2825 | 2.4900 
30381 | 2.5125 
H2a8 | 235000 
3444 | 2.5575 
3650 | 2.5800 
3853 | 2.6025 
4062 | 2.6250 
4269 | 2.6475 
4475 | 2.6700 | 


| 
| 
| 
| 
I: 
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.6250 
1.6494 
.6738 
6981 | 
H225 
. 7469 
eae 
LOD | 
. 8200 
8444 
. 8688 
.8931 
9175 
.9419 
. 9663 
.9906 
.0150 
.0394 
. 0638 
0881 
E251, 
.1369 

.1613 

.1856 

.2100 

23845 

. 2588 

. 2831 

Jo015d | 
Aaya A) 

.3562 

. 3806 | 
4050 

4294 | 
4537 |. 
.4781 | 
.5025 
5269 | 
5542 | 
.5756 
.6000 
.6244 
6487 | 
Me iesd 
6975 
.7219 
. T462 | 
. 7706 
17950) | 
.8194 
. 8437 | 
8681 
8925 

















9075 
93837 
. 9600 
. 9863 


. 0387 
. 0650 
.0913 


SESE S bE ENNGH SE SHE SD SE SESE RSS SSS HN OSES SHER ESEEEEEEEEEE 





1.7500 | 1. 
.7763 | 1. 
.8025 |. 1. 
p8288)) 0). 


8550 
8813 


0125 


| 


2 
ee eS 

















1:2.75 | 1:3.00 | 1:3.25 | 1:3.50 | 1:3.75 | 1:4.00 























8750 | 2.0000 | 
9032 | 2.0300 | 
9313 | 2.0600 | 
9594 | 2.0900 
.9875 | 2.1200 
.0157 | 2.1500 
.0438 | 2.1800 || 
.0718 | 2.2100 
.1000 | 2.2400 

.1281 | 2.2700 

.1563 | 2.3000 
.1844 | 2.3300 
2125 | 2.3600 
.2406 | 2.3900 
2688 | 2.4290 
.2969 | 2.4500 

8250 | 2.4800 

8531 | 2.5100 
.8813 | 2.5400 
4994 | 2.5709 
4375 | 2.6000 
4656 | 2.6300 
4937 | 2.6600 
5219 ie ea 
5500 | 2.7200 | 
5781 | 2.7500 || 
6063 | 2.7800 
6344 | 2.8100 
6625 | 2.8400 
Sa leanen 
7187 | 2.9000 
7469 | 2.9300 
7750 | 2.9600 
8031 | 2.9900 | 
8312 | 3.0200 
8594 | 3.0500 
8875 | 3.0800 
9156 | 3.1100 | 
9437 | 3.1400 
9719 | 3.1700 || 
0000 | 3.2006 | 
ai esto 
0562 | 3.2600 | 
0844 | 3.2900 
1125 | 3.3200 | 
14.06 | 3.3500 
1688 | 3.3800 || 
1969 | 3.4100 | 
2250 | 3.4400 || 
2531 | 3.4700 | 
2812 | 3.5000 
3094 | 3.5300 
33875 | 3.5600 || 
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Distribution of Oxygen 
Between Bases. 
Total Basic Oxygen=1. 


R O. 


SOOCOC Oo OC OC OCOCOCSoO CSC COCSCCOSCSOSSeSSCOSCSSCSCSCSoCSCSCSSCSOCOSCSSCSCSSOSCOSCSCSCSSCSOSCOFH 


. 000 
. 985 
.970 
. 956 
. 943 
. 930 
OLT 
. 904 
.892 
. 881 
.869 
.858 
.847 
.836 
. 826 
. 816 
. 806 
. 196 
Auger 
.178 
. 769 
. 760 
751 
» 743 
. 735 
neat 
ar eS 
ew 
. 704 
.696 


689 


.682 
675 
.668 
. 662 
.655 
.649 
.643 
.636 
.630 
.625 
-OL9 
.613 
.607 
.602 
-0o 
-5o1 
. 586 


581 
576 


571 
.566 
.561 


Al,O, 


SSS SSSI SY OSS 


VOU 
.014 
.029 
.043 
. 056 
.069 
. 082 
.095 
.107 
.118 
.130 
.141 
.152 
.163 
173 
.183 
.193 
.203 
.212 
221 
. 230 


239 
248 


. 256 
. 264 
272 
. 280 
. 288 
.295 
. 3803 
.310 
.317 
324 
331 
.337 
.344 
.350 
. 356 
. 363 
.369 


375 


. 380 
. 386 
392 
397 
.402 
. 408 
.413 
.418 
.423 
428 
.433 
.438 
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OxyGEN RATIOs. 
























































a 3 

S| 

20 g 1:0.75 | 1:1.00 | 1:31.25 | 1:1.50 | 1:1.75 | 1:2.00 | 1:2.25 | 1:2.50 
Spells : 

a ae Eqv. SiO,|Eqv. SiO,|Eqv. Si0,|Eqv. SiO,|Eqv. SiO,|Eqv. SiO,|Eqv. SiO, |Eqv. SiO, 
0.265 || ¥.6731 | 0.8975 | 1.1219 | 1.38462 | 1.5706 | 1.7950 | 2.0194 | 2.24387 
0.270 || 0.6787 | 0.9050 | 1.1812 | 1.3575 | 1.58387 | 1.8100 | 2.0368 | 2.2625 
0.275 || 0.6844 | 0.9125 | 1.1406 | 1.8688 | 1.5969 | 1.8250 | 2.0531 | 2.2812 
0.280 || 0.6990 | 0.9200 | 1.1500 | 1.3800 | 1.6100 | 1.8400 | 2.0700 | 2.3000 
0.285 || 0.6956 | 0.9275 | 1.1594 | 1.3912 | 1.6231 | 1.8550 | 2.0869 | 2.3187 
0.290 || 0.7012 | 0.9350 | 1.1687 |. 1.4025 | 1.63862 | 1.8700 | 2.1037 | 2.3375 
0.295 | 0.7069 | 0.9425 | 1.1781 | 1.41387 | 1.6494 | 1.8859 | 2.1206 | 2.3562 
0.300 || 0.7125 | 0.9500 | 1.1875 | 1.4250 | 1.6625 | 1.9000 | 2.1375 | 2.3750 
0.305 | 0.7181 | 0.9575 | 1.1969 | 1.4362 | 1.6756 | 1.9150 | 2.1544 | 2.3937 
0.310 || 0.7237 | 0.9650 | 1.2062 | 1.4475 | 1.6887 | 1.9300 | 2.1712 | 2.4125 
0.315 | 0.7293 | 0.9725 | 1.2156 | 1.4587 | 1.7018 | 1.9450 | 2.1881 | 2.4312 
0.320 || 0.7350 | 0.9800 | 1.2250 | 1.4700 | 1.7150 | 1.9600 | 2.2050 | 2.4500 
0.325 || 0.7406 | 0.9875 | 1.2844 | 1.4812 | 1.7281 | 1.9750 | 2.2218 | 2.4687 
0.330 || 0.7462 | 0.9950 | 1.2487 11.4925 | 1.7412 | 1.9900 | 2.2387 | 2.4875 
0.335 || 0.7518} 1.0025 | 1.2531 | 1.5037 | 1.7544 | 2.0050 | 2.2556 | 2.5062 
0.340 || 6.7575 | 1.0100 | 1.2625 | 1.5150 | 1.7675 | 2.0200 | 2.2725 | 2.5250 
0.345 || 0.76381 | 1.0175 | 1.2719 | 1.5262 | 1.7806 | 2.0350 | 2.2893 | 2.5437 
0.350 || 0.7687 | 1.0250 | 1.2812 | 1.5375 | 1.7987 | 2.0500 | 2.38062 | 2.5625 
0.355 || 0.7743 | 1.0325 | 1.2906 | 1.5487 | 1.8068 | 2.0650 | 2.3231 | 2.5812 
0.360 || 0.7800 | 1.0400 | 1.3000 | 1.5600 | 1.8200 | 2.0800 | 2.3400 | 2.6000 
0.365 || 0.7856 | 1.0475 | 1.3094 | 1.5712 | 1.8331 | 2.0950 | 2.3568 | 2.6187 
0.370 || 0.7912 | 1.0550 |. 1.3187 | 1.5825 | 1.8462 | 2.1100 | 2.3737 | 2.63875 
0.375 110.7968 | 1.0625 | 1.3281 | 1.5937 | 1.8594 | 2.1250 | 2.3906 | 2.6562 
0.380 || 0.8025 | 1.0700 | 1.3375 | 1.6050 | 1.8725 | 2.1400 | 2.4075 | 2.6750 
0.385 ||: 0.8081 | 1.0775 | 1.3469 | 1.6162 | 1.8856 | 2.1550 | 2.4244 | 2.6937 
0.390 || 0.8137 | 1.0850 | 1.3562 | 1.6275 | 1.8987 | 2.1700 | 2.4412 | 2.7125 
0.395 || 0.8193 1.0925 | 1.3656 | 1.6387 | 1.9119 | 2.1850 | 2.4581 | 2.7312 
0.400 || 0.8250 !1.1000 | 1.3750 | 1.6500 | 1.9259 | 2.2000 | 2.4750 | 2.7500 
0.405 | 0.8306 | 1.1075 | 1.3844 | 1.6612 | 1.9381 | 2.2150 | 2.4919 | 2.7687 
0.410 || 0.8362 | 1.1150 | 1.3987 | 1.6725 | 1.9512 | 2.2300 | 2.5087 | 2.7875 
0.415 || 0.8419 | 1.1225 | 1.4031 | 1.6837 | 1.9643 | 2.2450 | 2.5256 | 2.8062 
0.420 || 0.8475 | 1.1800 | 1.4125 | 1.6950 | 1.9775 | 2.2600 | 2.5425 | 2.8250 
0.425 || 0.8531 | 1.13875 11.4219 | 1.7062 | 1.9906 | 2.2750 | 2.5594 | 2.8437 
0.430 || 0.8587 | 1.1450 | 1.4312 11.7175 | 2.0037 | 2.2900 | 2.5762 | 2.8625 
ogee | 0.8644 | 1.1525 | 1.4406 | 1.7287 | 2.0168 | 2.3050 | 2.5931 | 2.8812 
0.440 || 0.8700 | 1.1600 | 1.4500 | 1.7400 | 2.0300 | 2.3200 | 2.6100 | 2.9000 
0.445 || 0.8756 | 1.1675 | 1.4594 | 1.7512 | 2.0481 | 2.3350 | 2.6269 | 2.9187 
0.450 || 0.8812 | 1.1750 | 1.4687 | 1.7625 | 2.0562 | 2.3500 | 2.6487 | 2.9375 
0.455 | 0.8869 | 1.1825 | 1.4781 | 1.7787 | 2.0693 | 2.3650 | 2.6606 | 2.9562 
0.460 |! 0.8925 | 1.1900 | 1.4875 | 1.7850 2.0825 | 2.3800 | 2.6775 | 2.9750 
0.465 || 0.8981 | 1.1975 | 1.4969 | 1.7962 | 2.0956 | 2.3950 | 2.6944 | 2.9937 
0.470 || 0.9037 | 1.2050 | 1.5062 | 1.8075 | 2.1087 | 2.4100 | 2.7112 | 3.0125 
0.475 || 0.9094 | 1.2125 | 1.5156 | 1.8187 | 2.1218 | 2.4250 | 2.7281 | 3.0312 
0.480 || 0.9150 | 1.2200 | 1.5250 | 1.8300 | 2.1350 2.4400 | 2.7450 | 3.0500 
0.485 || 0.9206 | 1.2275 | 1.5344 | 1.8413 | 2.1481 | 2.4550 | 2.7619 | 3.0688 
0.490 || 0.9263 | 1.2350 | 1.5488 | 1.8525 | 2.1613 | 2.4700 | 2.7788 3.0875 
0.495 || 0.9319 | 1.2425 | 1.5531 | 1.8638 | 2.1744 | 2.4850 | 2.7956 | 3.1063 
0.500 || 0.9375 1.2500 11.5625 | 1.8750 | 2.1875 | 2.5000 | 2.8125 | 3.1250 
0.505 110.9431 | 1.2575 | 1.5719 | 1.8863 | 2.2006 |. 2.5150 | 2.8294 | 3.1438 
0.510 || 0.9488 | 1.2650 | 1.5813 | 1.8975 | 2.2138 | 2.5300 | 2.8463 | 3.1625 
0.515 || 0.9544 | 1.2725 | 1.5906 | 1.9088 | 2.2269 | 2.5450 | 2.8631 | 3.1813 
0.520 |; 0.9600 | 1.2800 | 1.6000 | 1.9200 | 2.2400 | 2.5600 | 2.8800 | 3.2000 
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Between Bases. 
Total Basic Oxygen=1. 
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OxyGEen Ratios. 




















a 6 
i 
CATS) 5 1:0.75 | 1:1.00 | 1:31.25 | 1:1.50 | 1:1.75 | 1:2.00 | 1:2.25 | 1:2.50 
BS ilies POP SEED Ps Fe MSN a UTS AO Tn IT at Es 
a oi Eqv. SiO,|Eqv. SiO,|Eqv. $iO,}Eqv. SiO, A A 
0.530 || 0 1.2950 | 1.6188 | 1.9425 3.2663 3.5500 5.9138 3.23875 
0.5385 || 0. -1.3025 | 1.6281 | 1.9538 | 2.2794 | 2.6050 | 2.9306 | 3.2563 
0.540 |) 0. 1.3100 | 1.6375 | 1.9650 | 2.2925 | 2.6200 | 2.9475 | 3.2750 
0.545 || 0. 1.3175 | 1.6469 | 1.9763 | 2.3056 | 2.6350 | 2.9644 | 3.2938 
0.550 || 0. 1.3250 | 1.6563 | 1.9875 | 2.3188 | 2.6500 | 2.9813 | 3.3125 
0.555 || 0.§ .1.3325 | 1.6656 | 1.9988 | 2.8319 | 2.6650 | 2.9981 | 3.3313 
0.560 |} 1. 1.3400 | 1.6750 | 2.0109 | 2.3450 | 2.6800 | 3.0150 | 3.3500 
0.565 || 1. 1.8475 | 1.6844 | 2.0213 | 2.38581 | 2.6950 | 3.0319 | 3.3688 
0.570 | 1. 1.3550 | 1.6938 | 2.0325 | 2.3713 | 2.7100 | 3.0488 | 3.3875 
0.575 || 1. .1.3625 | 1.7031 | 2.04388 | 2.3844 | 2.7250 | 3.0656 | 3.40638 
0.580 || 1. 1.3700 | 1.7125 | 2.0550 | 2.3975 | 2.7400 | 3.0825 | 3.4250 
0.585 |j 1. 1.3775 | 1.7219 | 2.0663 | 2.4106 | 2.7550 | 3.0994 | 3.4438 
0.590 || 1. 1.3850 | 1.7313 | 2.0775 | 2.4238 | 2.7700 | 3.11638 | 3.4625 
0.595 | 1. .1.8925 | 1.7406 | 2.0888 | 2.4868 | 2.7850 | 3.1331 | 3.4813 
0.600 |} 1. 1.40900 | 1.7509 | 2.1090 | 2.4500 | 2.8000 | 3.1500 | 3.5006 
0.610 || 1. 1.4150 | 1.7687 | 2.1225 | 2.4763 | 2.8300 | 3.1838 | 3.5375 
0.620 || 1. 1.4300 | 1.7875 | 2.1450 | 2.5025 | 2.8600 | 3.2175 | 3.5750 
0.630 || 1. 1.4450 | 1.8063 | 2.1675 | 2.5288 | 2.8900 | 3.2513 | 3.6125 
0.640 || 1. 1.4600 | 1.8250 | 2.1900 | 2.5550 | 2.9200 | 8.2850 | 3.6500 
0.650 Fe 1.4750 |.1.8438 | 2.2125 | 2.5813 | 2.9500 | 3.3188 | 3.6875 
0.660 |; 1. 1.4900 | 1.8625 | 2.2350 | 2.6075 | 2.9800 | 3.3525 | 3.7250 
0.670 || 1. 1.5050 | 1.8813 | 2.2575 | 2.6338 | 3.0100 | 3.3863 | 3.7625 
0.680 |} 1. 1.5200 | 1.9000 | 2.2800 | 2.6600 | 3.0400 | 3.4200 | 3.8000 
0.690 || 1. 1.53850 |}. 1.91838 | 2.3025 | 2.6863 | 3.0700 | 3.4538 | 3.8375 
0.700 || f. 1.5500 | 1.9375 | 2.3250 | 2.7125 | 3.1000 | 3.4875 | 3.8750 
0.710 || 1. 1.5650 | 1.9563 | 2.3475 | 2.7388 | 3.13800 | 3.5218 | 3.9125 
0.720 || 1. 1.5800 | 1.9759 | 2.3700 | 2.7650 | 3.1600 | 3.5550 | 3.9500 
0.730 || 1. 1.5950 |. 1.9938 | 2.3925 | 2.7913 | 3.1900 | 3.5888 | 3.9875 
0.740 || 1. 1.6100 | 2.0125 | 2.4150 | 2.8175 | 3.2200 | 3.6225 | 4.0259 
0.750 || 1. 1.6250 | 2.0313 |.2.4375 | 2.84388 | 3.2500 | 8.6563 | 4.0625 
0.760 || 1. 1.6400 | 2.0500 | 2.4600 | 2.8700 | 3.2800 | 3.6900 | 4.1000 
0.770 | Ly 1.6550 | 2.0688 | 2.4825 | 2.8963 | 3.3100 | 3.7238 | 4.1375 
0.780 || 1. 1.6700 | 2.0875 | 2.5050 | 2.9225 | 3.3400 | 3.7575 | 4.1750 
0.790 || 1. 1.6850 | 2.1063 |. 2.5275 | 2.9488 | 3.3700 | 3.7913 | 4.2125 
0.800 || 1. 1.7000 | 2.1250 | 2.5500 | 2.9750 | 3.4000 | 3.8250 | 4.2500 
0.810 |/ 1. 1.7150 | 2.1438 | 2.5725 | 3.0013 | 3.4300 | 3.8588 | 4.2875 
0.820 Ee 1.7300 | 2.1625 | 2.5950 | 3.0275 | 3.4600 | 3.8925 | 4.3250 
0.830)! 1. 1.7450 | 2.1813 2.6175 | 3.0538 | 3.4900 | 3.9263 | 4.3625 
0.840 || 1. 1.7600 | 2.2000 : 2.6400 | 3.0800 | 3.5200 | 3.9600 | 4.4000 
0.850 || 1. 1.7750 | 2.2188 2.6625 | 3.1063 | 3.5500 | 3.9938 | 4.4875 
0.860 || 1.3425 | 1.7900 | 2.2375 | 2.6850 | 3.1325 | 3.5800 | 4.0275 |. 4.4750 
0.870 || 1.3588 | 1.8050 | 2.2563 | 2.7075 | 3.1588 | 3.6100 | 4.0613 | 4.5125 
0.880 || 1.3650 | 1.8200 | 2.2750 | 2.7300 | 3.1850 3.6400 | 4.0950 | 4.5500 
0.890 || 1.3763 | 1.8350 | 2.2938 | 2.7525 | 3.2113 | 3.6700 | 4.1288 | 4.5875 
0.900 || 1.3875 | 1.8500 | 2.3125 | 2.7750 | 3.2375 | 3.7000 | 4.1625 4.6250 
0.910 || 1.3988 | 1.8650 | 2.33138 | 2.7975 | 3.2638 | 3.7300 | 4.1963 | 4.6625 
0.920 || 1.4100 | 1.8800 | 2.3500 | 2.8200 | 3.2900 | 3.7600 | 4.2300 | 4.7000 
0.930 || 1.4213 | 1.8950 | 2.3688 | 2.8425 | 3.3163 | 3.7900 | 4.2638 | 4.7375 
0.940 '| 1.4325 | 1.9100 | 2.3875 | 2.8650 | 3.3425 | 3.8200 | 4.2975 | 4.7750 
0.950 || 1.4438 | 1.9250 | 2.4063 | 2.8875 | 3.3688 | 3.8500 | 4.3313 | 4.8125 
0.960 || 1.4550 | 1.9400 | 2.4250 | 2.9100 | 3.3950 | 3.8800 | 4.3650 | 4.8500 
0.970 || 1.4663 | 1.9550 | 2.4438 | 2.9325 | 3.4213 | 3.9100 | 4.3988 | 4.8875 
0.980 || 1.4775 | 1.9700 | 2.4625 | 2.9550 | 3.4475 | 3.9400 | 4.4325 | 4.9250 
0.990 || 1.4888 | 1.9850 | 2.4813 | 2.9775 | 3.4738 | 3.9700 | 4.4663 | 4 

3.5 


1.000 !| 1.5000 _1.000 || 1.5000 | 2.0000 | 2.5000 1 3.0000 | 3.5000 | 4.0000 | 4.5000 | 9.0000 2.0000 | 2.5000 | 3.0090 | 





i) 




















9625 — 


5000 | 4.0000 | 4.5000 | 5.0000 


Eqv. SiO, 


.6613 | 3 
.5819 | 3. 
.6025 | 3. 
.6231 
.6438 
.6644 
.6850 
. 7056 
e200 
. 7469 
. 7675 
. 1881 
. 8088 
. 8294 
. 8500 
.8913 


“9738 
| 
| 


.1388 
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9225 
. 9638 
.0050 
.0463 
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OxyGEN Ratios. 

















8850 | 4.2088 | 4 
9075 | 4.2331] 4. 
9300,| 4.2575 | 4. 

9525 | 4.2819 | 4. 
.9750 | 4.3063 | 4. 
.9975 | 4.3306 | 4. 
0200 | 4. "3550 | 4. 
0425 | 4.3794 | 4. 
0650 | 4. 4938 | 4. 
.0875 | 4.4281 | 4. 
.1100 | 4.4525 | 4. 
.1325 | 4.4769 | 4. 
.1550 | 4.5013 | 4. 
.1772 | 4.5256] 4. 
.2000 | 4.5500 | 4. 
.2450 | 4.5988| 4. 
2990 | 4.6475 | 5. 
.3350 | 4.6963 |.5. 
.3800 | 4.7450 | 5. 
.4250 | 4.7938 | 5. 
.4700 | 4.8425 | 5. 
.5150 | 4.8913 | 5. 
.5600 | 4.9400 | 5. 
.6059 | 4.9888 | 5. 
.6500 | 5.0375 | 5. 
.6950 | 5.0863 | 5. 
.7400 | 5.1359 | 5. 
.7850 | 5.1838 | 5. 
.8300 | 5.2325 | 5. 
.8750 | 5.2813 | 5. 
.9200 | 5.3300 | 5. 
9650 | 5.3788 | 5. 
.0100 | 5.4275 | 5. 
.0550 | 5.4763 | 5. 
.1000 | 5.5250 | 5. 
.1450 | 5.5738 | 6. 
.1900 | 5.6225 | 6. 
.2350 | 5.6713 | 6. 
.2800 | 5.7200 | 6. 
.3250 | 5.7688 | 6. 
.3700 | 5.8175 | 6. 
.4159 | 5.8663 | 6. 
.4600 | 5.9150 | 6. 
.5050 | 5.9638 | 6. 
.5500 | 6.0125 | 6. 
.5950 | 6.0613 | 6. 
.6400 | 6.1100 | 6. 
.6850 | 6.1588 | 6. 
7300 | 6.2075 | 6. 
7750 | 6.2563 | 6. 
8200 | 6.3050 | 6. 
8650 | 6.3538 | 6. 
9100 | 6.4025 | 6 
9550 | 6.4513 | 6. 

6. 
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Distribution of Oxygen 
Between Bases. 
Total Basic Oxygen=1. 


R O. 
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0.364 
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0.291 
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according to the two columns on the extreme right, the whole ratio 
would be nearly: ‘ 

Oxygen (Base): Oxygen (Acid):: 0.539 (RO)-+0.460 
. (A1,O,) :3.50. : ; 

But this is not exact. By interpolation we obtain for exact 
value 0.287 Al,O, at 3.5 oxygen ratio, 3.2562. But this is more 
silica than we have present, so by interpolation between this and 
the next lower value, we obtain 1 :3.475. 

It is not likely that much time will be saved in this latter 
operation, over computing the whole problem at once, but it also 
may be said that one ean read at a glance the essential fact that 
the result will be shightly under 3.5, which is, in most cases, all 
that is needed. 

Problem 3— To construct a series of glazes in which the effect _ 
of variation of alumina content, and oxygen ratio on the produc- 
tion of a matt glaze is to be studied. 

It is in such a problem that this table is the most useful. For 
each equivalent of alumina chosen, the silica equivalent required 
for each O. R. can be readily found in the table. 

Aside from the saving of time and work in the construction 
of such a series of experiments, the use of this table tends towards 
a more logical and complete series of glazes. The value and 
importance of this last item can be appreciated only by those who 
have tried to work without such an aid. 


A CONTRIBUTION TO THE TECHNOLOGY OF 
DRYING. 


BY 
Roy H. Minton, E. M., (In Cer.). 
Mineral City, Ohio. 


While designing a brick-dryer to utilize the waste heat from 
cooling kilns recently, :he seantiness of the lterature or pub- 
lished data bearing upon the calculation of the consumption of 
heat in driers, was keenly felt. Information relating to the 
physicai properties of heat and air are to be found in various 
books and physical treatises, but nowhere has the information 
been found in convenient form for easy application to the actual 
computations of drying problems. 

The best discussion of this problem is found in the ‘‘Col- 
lected Writings of Seger,’’ Vol. I, pp. 251-271, but Seger does not 
attempt to form a heat balance, some of his data are not the same 
as are now accepted by physicists, and the exact method of his 
procedure is not always very clear. 

The following study is an extension and an amplification of 
Seger’s general method to a characteristic American problem in 
dryer economy, and is put forward merely as a possible conven- 
ience and help to others who may be undertaking similar 
problems. 

From plants in actual operation using waste heat from cool- 
ing kilns for drying purposes, it is a proven fact that 1000 
burned bricks contain more than sufficient heat to dry 1000 
brick under ordinary practical conditions. 

Primarily, this calculation was made to show what can be 
done in the way of drying by using waste heat from cooling kilns, 
but the methods and results will be found to apply equally to 
dryers, where the heat is generated in other ways. 

Seger has well stated the fundamental physical principles 
underlying drying, but the actual operation involves a considera- 
tion of other factors to be dealt with. In practical work, the 
theoretical principles cannot be rigidly carried out as calculated, 
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but in all drying operations, the theoretical calculations should 
be first made, and a sufficient margin allowed to cover the losses 
and changes due to the necessary imperfections of the process. 


General Considerations of the Properties of Heat, Avr 
and Movrsture. | 


1st Heat. The fundamental factor in drying is heat. We 
usually think of heat in terms of its intensity, by temperature. 
In drying considerations, the amount or quantity of heat is most 
important. Temperature alone gives no clue as to the quantity 
which must be measured from a knowledge of the quantity of 
the heated substance and its characteristic capacity to absorb 
heat, or its specific heat. 

The most convenient unit of quantity is the metric unit or 
calorie, or the amount of heat necessary to raise 1 Kg. of pure 
water from 0°C to 1°C. - 

2nd—Evaporation. In order to evaporate water, a certain 
amount of heat is required, which is always the same for the same 
quantity at the same temperature. The amount required in- 
creases as the temperature at which the evaporation takes place 
increases. Evaporation takes place at any and all temperatures, 
but only slowly at low temperatures and more rapidly as the tem- 
perature rises. 

3rd—Tension of Water Vapor. When water is evaporated 
at temperatures below boiling, and in air which is confined, it 
soon happens that no further evaporation can take place. This 
is explained by the tension or pressure of water vapor. Above 
boiling temperatures this pressure is greater than that of the 
atmosphere, and the vapor is able to drive the atmosphere out of 
an inclosed chamber, if any outlet is given. Below boiling tem- 
peratures, this pressure is less than atmospheric tension. The 
tension of water is a fixed amount at any temperature, and limits 
the amount of vapor that can exist in a given space at that 
temperature. 

4th—Dewpoint. As soon as the amount of moisture in a 
given space becomes so great that its vapor tension exceeds the 
limit for that temperature, the excess vapor is deposited as water. 
By heating fully saturated air, its power to take up moisture is 
increased, for the original amount of moisture contained 1s not 
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altered, while the vapor carrying capacity, or vapor tension, is 
raised. When the air escapes from a drier fully saturated, we 
are securing the greatest efficiency from it. 

dSth—Humdity. By humidity we mean the percent of sat- 
uration of air at any temperature. If air is fully saturated it 
has an humidity of 100%. From records kept by the U. 8. Sig- 
nal Service, we may assume the average temperature of the air in 
this country to be 10°C, and its humidity to be 75%. 

Other physical principles will be explained as they arise in 
the process of calculation. 


Statement of the Problem. 


1. To dry 50,000 stiff mud bricks per day, wet weight, 
9 pounds each. 

2. The air conveying the heat into the dryer is to be heated 
up from 10°C and 75% humidity to 80°C. by dilution with hot 
air from kiln. The air enters the dryer at 80°C, and having 
given up its heat to evaporate the water, it leaves the dryer at a 
temperature just above its dewpoint. 

3. The brick to enter the dryer at 10°C and leave at 80°C. 

4. The finishing temperature of the kilns is assumed at 
1300°C. 

The ecaleulation is most conveniently divided as follows: 
J.—Heat Consumption. 

a JSvaporation of water. 

® Heat carried out by clay. 

c Heat carried out by iron brick-cars. 

d Radiation from exterior of dryer. 
TI— Air volume required. | 
IiI— Heat loss, i. e. heat carried out by air. 
IV—Available heat. 


J. HEAT CONSUMPTION. 
a—Heat Units Required to Evaporate Water in Brick. 


50,000 brick, weighing 9 pounds each, make a total weight 
of 450,000 pounds. Assuming that the average water content of 
stiff mud brick is 2214% of the wet weight, then (450,000x0.225) 
50,000 brick contain 101,250 pounds of water. 1 kilogram is 
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equal to 2.20 pounds. Then 101,250 pounds equals 46,020 kilo- 
grams water. This amount is to be evaporated and carried out of 
the dryer every 24 hours. 

By referring to Table I at the end of this paper, we see that 
at average dryer temperatures, 1 kilogram of water requires 620 
heat units to evaporate it. 

e.q. 46,020 620=-28,532,400 H. U. to evaporate the water 
in the brick. 


b—Heat Carried Out by Clay in Bricks. 


Total weight of bricks 450,000 pounds, multiplied by the 
percent of dry clay (100—22.5) 77.5%, gives 348,750 pounds of 
clay leaving the dryer per day. 348,750 pounds=158,522 kuilo- 
erams. 

One pound of clay will absorb only one-fifth as much heat as 
one pound of water. To reduce this clay heat to a basis com- 
parable with water, we use this factor 0.2, called the specific heat. 
The clay enters dryer at 10°C and leaves at 80°C, a difference 
OL0FC: 

e.q. The clay X its specific heat its gain in temperature 
equals the heat units carried out or 158,522 0.2 T0—=2,219,280 
H. U. carried out by clay. 


c—Heat Carried Out by Iron Dryer Cars. 


100 ears, weighing 380 pounds each, enter at 10°C and leave 
at 80°C. They must be heated 70°C. The specific heat of iron= 
0.1124. Reducing the weight of cars to kilograms, we have 


100 380 0.1124 70 
2.20 





27195,90L6 1. a, 


d— Radiation. 


There is no well determined amount or factor for the caleu- 
lation of radiation losses in dryers. The nearest parallel can be 
drawn from steain boilers, in which the heat balance has been 
calculated very carefully for a long time past. In the boiler this 
radiation loss, taken by difference between total heat generated 
and that whose use can be accounted for, is about 10% in average 
practice. 
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The brick dryer works at a very much lower temperature 
than any boiler, and its radiation should be lower on that account, 
but it is enormously extended in radiating surface compared to 
the small compact boiler setting. Hence for lack of better 
figures, we assume that the radiation would be the same, viz. 10% 
of the total heat used. 

The heat used so far is 


Pee on | 28,532,400 H. U 
Bee duit ea 2,219,280 H. U. 
Lee TO TAN 135,901 H. U. 
Stim 6).00. 30,887,581 H. U 
Add 10%.... 3,088,758 H. U. 
Total..... 83'976,339 HU. 


JII—CALCULATION OF AIR VOLUME REQUIRED. 


It is first necessary to find the available heat in 1 cubic meter 
of air, entering the dryer at 80°C, and leaving it at the most 
economical temperature. 

We shall assume 30°C as the temperature at which the air 
leaves the dryer. For all practical purposes we may assume 
that the available heat comes from the dry air alone. There are 
a few other calculable factors, but they are of no importance. 

By substituting in the formula I A, (see appendix), we have 
the weight of the dry air in kilogrammes per cubic meter as: 


P 1 
WG TET 
S780 1+ .00367Xt 


The value of P is found by subtracting the vapor tension 
at 30°C, as given in Table II, from 760, which is the barometric 
pressure in millimeters of mercury under standard conditions. 

We find that the weight of dry air in 1 cubic meter of sat- 
urated atmosphere at 30°C is 1.116 kilograms. 

The specific heat of air is 0.237 compared to ae as 1. 
Therefore, this quantity of dry air (which entered at 30°C) will 
contain when heated up to 80° 

1.116 kilograms 0.237 « 8021.16 heat units. 

On escaping at 30°C, after giving up its available heat to 

the work of the dryer, the same weight of dry air will carry out 
1.116 kilograms X 0.237 « 307.39 heat units. 





274 A CONTRIBUTION TO THE TECHNOLOGY OF DRYING. 


The amount of heat available for work in the dryer, per 
cubic meter of escaping atmosphere, is 
21.16—7.93—13.23 heat units. 


The heat work which this amount will accomplish in evap- 
orating water, is reached as follows: 


The average consumption of heat in evaporation of 1 kilo- 
gram of water, at temperatures occurring in closed dryers, is 
620 heat units. It varies with the temperature at which evap- 
oration occurs, being 606.5 at 0°C and 637 at 100°C. At ordinary 
atmospheric temperatures, for open air drying, it is about 610, 
which figure Seger used in all of his articles. But for closed 
dryers, this figure is too low—620 is much nearer the truth. 

Now, if 620 heat units are required to evaporate 1 kilogram 


6 


1 . e 
of water then Aah ==.0213 kilograms or 21.3 grams, which may 





e 


be evaporated by the heat given up in cooling 1 cubic meter from 
80° to 80°C. 

We must consider that every cubic meter with which we 
started at 10°C contained 75% of all the water it was capable 
of holding. 


From Table III we find that 1 cubic meter of saturated air 
at 10°C contains 9.33 grams of water, (calculated from formula 
I.B). At 75% humidity, 1 cubie meter contains 9.83 .75=7.00 
orams. 


The air leaves the dryer at 30°, and we have found how much 
water each cubic meter at 30°C is capable of evaporating. We 
must next find how much of the water carried out is the original 
moisture carried in by the air, and how much is water evaporated 
from the clay wares. 


Since air expands on heating, it follows that if 1 cubic 
meter were heated up from 10° to 30°C, and no more water was 
brought in contact with it, that the original quantity of water, 
though identical in actual amount, would be less per cubic meter, 
since it is now spread over a larger volume. 


By formula IT, 
V’=V [1+.0.00367 (t—t’) ] 
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we find the increase in volume of one cubic meter raised from 
TO". ta. 30°C. 
V’=1|1-+0.00367 (30—10) | 
V’=1.0734 cubic meters 
and the amount of the original moisture per cubic meter would be 
| 7.00 
1.0734 
Each cubic meter of escaping atmosphere at 30°C must 
therefore carry out , 
21.30 grams evaporated water 
6.52 grams original water 


-=6.52 grams. 





27.82 grams total water 


By reference to Table III, we find that 1 cubic meter of air 
at 30°C and 100% humidity is capable of holding 30.11 grams 
of water, so we have a safe margin in the case assumed. 


It has already been shown that 46,020 kilogrammes of water 
are to be evaporated, and that 1 cubic meter of air, cooling from 
80°C to 30°C ean evaporate 21.3 grams. 


==2,160,563 cubic meters of air required for 





02 
Hence 
0.0213 


evaporation processes alone. 

But the evaporation of water is not the only need for heat. 
The clay enters cold and leaves hot, carrying out much heat; 
likewise the iron cars. 

One cubic meter of air entering dryer at 80°C and leaving 
at 30°C gives up 13.23 available heat units. The clay, the cars, 
and the losses by radiation have been shown to amount collec- 
tively to 5,443,938 HH. U. 

5,448,938 

NS ce Ronee meta cubic meters of air at 30°C are 
needed to supply this heat. Adding, we obtain 2,572,046 cubic 
meters as the total requirement. 

If, now, the air entered the dryer at the temperature at 
which it leaves it, then the figures just reached would be the 
final volume of air required for the process. But the air enters 
at 80°C, and its volume at this temperature is (Formula IT) 
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greater than at 30°C in the proportion of 1.183 to 1.000. Hence 
the actual volume of the incoming air to be handled will be 
2,972,046 x 1.1835==3,044,016 cubic meters. 
Throwing this into cubic feet per minute, we have 
3,044,016 35.3 


24 60 
2,572,046 35.3 


24° 60 
outlet or cold end. 


—74,620 cu. ft. per minute at the inlet or hot end. 


—63,050 cubic feet per minute at the 


- JII.—LOSSES OF HEAT CARRIED OUT BY THE AIR PASSING THROUGH 
THE DRYER. 


The air enters the dryer, according to the terms of the 
problem, at 10°C, but is heated up by the addition of air which 
has been used in cooling the kilns, until the mixture has a tem- 
perature of 80°C. But, since this hot air entered the kiln at the 
same outside temperature, viz., 10°C, it makes no difference so 
far as the ealeulation is concerned where the air got its heat. It 
was originally at 10°C and it passed through the dryer, escaping 
at 30°C. Hence it carries out the heat corresponding to a 20 
degree raise in temperature. 


We are dealing, however, with the air alone, and not with 
the moisture contents which goes to make up the atmosphere. Its 
heat is covered in other calculations. 


One cubic meter of saturated atmosphere at 30°C contains 
(Formula I) 1.116 kilograms of dry air, and this carries out 
1.116 0.237 <30=37.93 heat) units: per cubic meter. "Uhe same 
weight of air brought in 

1.116 0.237 x 10—2.645 heat units. 

Subtracting, we have 5.285 heat units per cubic meter, 
which must be supplied to the air, and which passes through the 
dryer without effect. On the whole volume, this amounts to 

2.072.046 X 5.285—=13,593,363 heat units. 

Adding the results of Sections I and III, we have 

33,976,984 
13,593,363 


Total heat requirements 47,556,247 H. U. for all purposes. 
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LV.— AVAILABLE HEAT. 


There are a number of separate items, but after all there 
_is but one source, viz., the heat units unlocked by the combustion 
of fuel. This is given out in the fire box, taken up by the com- 
bustion gases, absorbed by the bricks and kiln lining in small 
part, and to a large extent is liberated in the vast ocean of free 
air in which it becomes dissipated without observable effect. 

Of the heat thus rescued from the combustion gases, a part 
is used in decomposing the minerals of the clay, and bringing 
them up to the point where combination ensues; part is carried 
through the kiln walls and is radiated away into space. At the end 
of the burning process, the kiln and its contents are at a high 
temperature throughout, and this heat is theoretically all avail- 
able, i. ¢., it has no further chemical work to do and must escape 
into the air, usefully or uselessly. 

Whatever of this heat may be rescued from the cooling ware 
and kiln is therefore pure gain, and whatever is not thus obtained, 
must be supplied either by burning fresh fuel or saving it from 
the waste of other processes, chiefly power generation. 

The calculations are as follows: 

50,000 Bricks*9 pounds—=450,000 pounds original wet weight. 

Assuming a loss of 22.5% in drying, which is an average 
figure, we would have 

450,000  0.775==348,750 pounds after drying. 
This again is reduced by 8% chemical water and other 
- volatile substances lost in burning— 
348,750 « 0.92—=320,850 
320850 
pot kilograms, burnt weight 

145,840.9 ke. x.2 spec. heat 1100° C—32,084,998 H. U. 

The 1100°C is used on the assumption that if the kiln is at 
1300°C at the finish, that it will not be feasible to use its waste 
heat completely down to the atmospheric temperature again—in 
fact, as the temperature approaches the atmospheric, a larger 
portion of the air for the dryer would have to pass through it, 
until finally all would pass through, and then soon the kiln would 
be no longer able to maintain a temperature of 80°C. Accordingly, 
it was assumed that at 200°C no further use of the kiln would 
be possible. Hence 1300°—200°=1100° available temperature. 


Lo | 
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Besides the contents of the kiln, the walls, floor, fire boxes 
and flues between the kiln and the stack up to the point where 
the air is taken off to the dryer, become available sources for 
heating the air. To get at this source, a calculation will be 
necessary. 

The kiln is 30 feet in diameter; 7 feet high to the spring of | 
the arch. Assuming that the fioor is equivalent to a solid layer 
1 foot thick, and that of the thick vertical walls, the inside 12 
inches is up to 1100 degrees actual or 900° available temperature, 
and that of the crown,9 inches is available at 900°, we have a 
basis for calculation. 

Area of kiln floor—=30 30 0.7854=706.86 square feet. 

706.861 foot deep==706.86 cubic feet in the floor. 

Circumference of the kiln—=30 3.1416—94.248 feet. 

94.248 <7 X1=—=659.736 cubic feet available brick work in the 
side walls. 

The crown may be taken at approximately 114 Xthe area of 
the bottom—833.525 sq. feet. 833.5253, foot thick—662.643 
cubic feet in crown. 

Surmming up, we have 


LOO PANG Cae Mane ean 706.860 
WW alas CB ier 659.736 
COPOVW TL Vio eienauincy eenitaae 662.643 
Popa ona ae neem 2029.239 cubie feet of masonry. 


1 brick, 414 inches & 214 inches X 814 inches—95.625 cubic 
inches. 

1 cubic foot—18.07 bricks. 

2029.239 X18.07=36,668.35 bricks. 

36,668.35 <8 pounds—=293,346.8 pounds. 

293,346.8 


oy 
133,339 kg. 0.2 (specific heat)<900° available temperature 
will generate 24,000,424 heat units from the kiln itself. 


=133,339 kilograms. 


Kilnandseharress jaca. 36,084,422 H. U. 
Required for drying....... 47,556,247 H. U. 
Available margin ..... 8,528,175 H. U. 


Thus it is seen, that under the assumed conditions, there is 
a comfortable surplus of heat over that required by the fixed 
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physical laws. However, the conditions assumed are all good or 
favorable to economical drying. 


ASSUMING UNFAVORABLE CONDITIONS. 


Suppose, instead of using the heat of our air supply com- 
pletely or nearly so, in doing effective work in the dryer, we 
allow the gases to escape from the dryer at 50°C instead of 30°. 

The amount of heat required for I and II remain unaltered 
at 33,976,339 H. U. 

But in III, we have dry air in 1 cubic meter saturated air 
at 50°C= (Formula I) 0.960 kg. This weight at 80° brought in 
Ow i200 o0-—18.2 He U: 

The same weight at 50°C holds 

O96 x 0:237 <00== 138 H) U. 

Available heat—=18.2—11.38—6.82 H. U. per cubic meter. 

Referring to Table IV we see that 1 cubic meter of saturated 
air at 50°C, is capable of carrying out 76.34 grams of water 
above what it originally held when it entered at 10°C. 

We have 46,020 kilograms of water to be carried out. 
46,020,000 
76.34 

tity of water. 
| Hach cubie meter in cooling from 80° to 50° gives up 6.82 
Iai 


==602,829 cubic meters of air to carry out this quan- 


602,829 « 6.82==4,111,293 H. U. brought in. 

But in order to evaporate water, heat clay, cars, ete., we 
must supply 33,976,339 H. U. Hence we have 29,810,755 H. U. 
deficiency that must be supplied by using extra volumes of air 
that are not required to carry out water. 

29,810,755 
6.82 

Now these 4,371,078 cubic meters also carry out heat, which 
is a dead loss, since this air is not required for removing water. 

1 eubic meter of air at 50°C holds 11.88 H. U. At 10°C, this 


weight of air brought in 2.28 H. U. The loss per cubic meter is 
then 9.10 H. U. 


4,371,078 & 9.10=39,776,809 H. U. required to heat up the 
air from atmospheric temperature, to the point where it escapes 


4,371,078 cubic meters required. 
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from the dryer. he total heat required is the sum, 33,976,339-- 
39,776,809—=7 3,698,857 H. U. But we have only 56,084,422 H. UW 
leaving a deficiency of 17,614,435 H. U. 


This clearly shows that the process would not be feasible 
under the conditions assumed. The volume of air required to 
carry out the water is so much smaller (602,829 cubic meters Vs. 
2,572,046) and the amount of heat it brings in is so much smaller 
(4,111,293 vs. 33,976,339 H. U.) that it leaves a tremendous 
deficiency, which must be met by using air for heating purposes 
only (i. e., it has no evaporation to do). But as we realize only 
a part of the heat of this air, (6.82 H. U. per cubic meter) and 
lose all heat between the point of discharge and atmospheric, 
(9.10 H. U. per cubic meter) it follows that we must use fuel at 
a great disadvantage, losing more than we utilize throughout. 


It is probable that exceptions may be taken to some of the 
assumptions made in the above method, but no definite rule can 
be laid down for all conditions. The amount of radiation depends 
entirely upon the conditions governing each individual plant. 


We believe we are justified in assuming 100% humidity or 
complete saturation for the air leaving dryer, for in many cases 
of dryers in actual practice, difficulty is met from the air becom- 
ing super-saturated and depositing its moisture as dew on the 
ware. 

It may be argued that the time of drying would influence the 
degree of saturation. As a general thing, this depends more upon 
the clay. If a clay can be dried in 24 hours, it 1s likely that the 
time required for the air to flow through the dryer would com- 
pletely saturate it, depending to some extent, of course, upon the 
length of dryer. Certainly 36 hour or 48 hour periods of drying 
would be ample. 

Another slight error is in the assumption of the specific heat 
for burned clay. This factor is not known, and probably varies 
for different clays, and possibly for different methods of man- 
ufacture. 

But with all the unavoidable errors it is hoped that this 
article may in a measure meet the needs of practical men who 
have such problems to consider. It does not follow, however, that 
any amount of clay ware can be dried exactly as calculated. It 
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depends upon the kind of clay, shape, size, and other physical 
conditions. 


In drying clothes, paper, ete., the end in view is simply to 
remove the water, and almost any physical means of drying may 
be used to reach this end. But in ceramics, this cannot be done. 
One all-important condition is attached to the process of getting 
out the water, 1. e., that of having the dried product in perfect 
condition. 


This fact cannot be sacrificed to economy of fuel, space or 
time, but this end must be reached by the best possible means. 

Still, however much the actual conditions influence each 
specific case, all cases should be based upon the theoretical con- 
siderations. ‘The results will certainly never reach up to these, 
but the aim should be to approach these conditions as closely as 


possible. And the theoretical conditions form the only strictly 
comparable basis for all cases. 


By referring to the appended tables, an approximate idea 
ean be reached for any given ease, with but little calculation. 


FORMULAE. 


Formula I—For finding the proportions of air and water 
vapor in any volume of saturated atmosphere at any temperature. 


A—1, 293187 x — z : 
ee can ee 1Lat 
: 1 
B=1.293187& —— 0.6235 
* 760 * Ttat* 


In which 

A==Weight of air in kilograms in 1 cubic meter of saturated 
atmosphere. 

=-Weight of water vapor in kilograms in 1 cubie meter of 

saturated atmosphere. 

P’=Tension of water vapor at temperature t (given in 
Table ITI). 

P==760 (standard pressure of atmosphere in millimeters of 
mercury ) —tension of water vapor at t°C. 

1.293187==Weight in kilograms of 1 cubic meter of dry air 
at 0°C and 760 m.m. barometric pressure. 
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0.6235—Specifie weight of water vapor, where dry air is 
equal to 1. 


—Correction for volume of a gas due to changes of 





1--at 
temperature, in which a=0.00367—coefficient of expansion of a 
- gas for one degree centigrade, i. e., 1 cubic meter at 0°C becomes 
1.00367 cubic meters, at 1°C and 1.00734 at 2°C, ete. 
t—=temperature of the observations. 
Formula IJ—¥or finding increase in volume of air due to 
increase in its temperature. 
V’/=V [1+a (T+) ] 
in which :— 
V’=Volume of the air at the temperature T. 
—Volume of the air at the temperature t. 
a=-.00367 as explained in Formula I. 
Similarly, where we wish to obtain the volume of a gas, 
decreased by reduction of temperature, we have 
Vv’ 
Yeeeah ila Mead Oks 
1+a (T—t) 
Formula I1I1—Converting temperatures in Centigrade to 
Fahrenheit. 


5 (F—32) 
°F to °C= Gotu 


gC 
GO to i cs TER 


Formula IV, 
1 kilogram=—2.20 pounds. 
1 cubie meter—35.3 cubic feet. 


TABLE I. 


Showing heat consumption in converting 1 unit of water from 0°C 
to water vapor at the temperature given. 

















Temp.C°| Temp. F° Pecaied Temp. €°® Temp. F° Sneath 
0 32 606.5 60 140 624.8 
10 50 609.5 70 158 627.8 
20 68 612.6 80 176 630.9 
637.0 


40 104 618.7 | 100 212 


30 86 ral NN a 194 633.9 
50 122 baLad 








Temp 


0 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
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TABLE II. 
Giving the vapor tension of water at different temperatures. 

Tensions Tension 

C*; Temp, F° in m. m. Temp, C2, Temp. F° in m. m. 

' Mercury Mercury 

| 32 4.56 55 131 on Ur aR sy 

4] 6.50 60 140 148.88 

50 9512 65 149 187.10 

59 12.67 70 158 200 OL 

68 £736 75 167 288.76 

ce 20.51 80 176 354.87 

86 81151 85 185 433.19 

95 41.78 99 194 525.47 

104 54.87 95 203 633.66 

LES 71.36 100 212 760.00 

i232 91.98 we Rare NGA La ep nire 2 ol 
TABLE III. 


Giving weight of water vapor in saturated air at different temperatures. 











weight water 














weight water 








Temp. C° vapor, grams per Temp, C° vapor, grams per 
cubic meter, cubic meter. 
0 4.83 : 40 50.76 
5 OVP 50 82.45 
10 9.33 60 129.44 
15 11.49 70 199.02 
20 17.16 80 291.04 
30 | 30.11 100 589.83 
TABLE III A. 


Giving weight of water in half saturated air at different temperatures. 














weight water, vapor 








weight water vapor 














Temp. C° grams per Temp. C° grams per 
cubic meter cubic meter 

2.47 40 25.38 

5 3.38 50 41.22 

10 4.66 60 64.72 

15 5.79 70 99.51 

20 | 8.58 80 145.52 

30 | 15.05 100 294.91 

TABLE IV. 


Giving the weight of water vapor which 1 cubic metre of air can 
carry from a dryer, leaving at the different temperatures, entering at 
10°C and 75% humidity. 























weight water vapor Ae weight water vapor 

Temp. C° grams per Temp. C grams per 

cubic meter cubic meter 

10 9.38 50 76.34 
15 5.62 60 Zouse 
20 10.41 70 193.29 
30 |} 98.59 80 285.47 
40 | 44.45 100 584.57 
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TABLE IVA. 


Giving weight of water which 1 cubic metre of half saturated air 


can carry from a dryer at the given temperatures, entering at 10°C and 
75% humidity. 














weight water vapor weight water vapor 
Temp. C° grams per hemp C2 grams per 
cubic meter cubic meter 
10 —2.34 50 37.12 
15 —1.05 60 58.81 
20 1.838 70 93.78 
30 $.53 80 139.95 
40 | 19.07 100 289.65 
TABLE V. 


Giving volume of air necessary to carry out water from 1000 brick, 
of 9 pounds wet weight and 2213% water. Air is heated up from 10°C 
and 75% humidity. 


weight dry air 














Temp, C° Temp. C° Cubic meters air Cubic meters air | in 1 cubic meter 

entering leaving saturated. half-saturated. saturated 
Dryer dryer. air. 
15 | 10 | 396,566 Impossible 1.233 
28 15 164,412 Impossible 1.205 
43 20 88,770 504,918 ca a 
80 30 39,169 108,558 1.116 
157 40 20,787 48,453 1.046 
260 50 12,1038 24,892 0.960 
452 60 7,479 15,711 0.852 
775 70 4,776 9,852 0.712 
1520 | 80 3,226 6,603 0.532 
pila | 100 1,580 SLOOP ie ote 
TABLE VI. 


Giving dimensions of inlet and outlet of various sized fans. 


Diameter of 


an in 

inches. 
50 
60 
70 
80 
90 
100 
110 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 


Diameter 
in inches. 


20 
23 
26 
30 
34 
38 
42 
46 
53 
60 
68 
76 
84 
92 
100 
108 
116 


Inlet 


Area in 
Sq. in. 
314 
415 
530 
706 
907 
1134 
1885 
1661 
2206 
2827 
3631 
4536 
5541 
6648 
8754 
9161 
10568 


Outlet 


Size 

in inches. 
AF ox 17 
20144 x 20% 
241% x 24% 
Ot xed 
30% x 30% 
384% x 34% 
387144 x 387% 
414% x 41% 
48 x 48 
54 x 54 
60 x 60 
66 x 66 
C2 RTS 
COLO 
B34 ice ee 
90) e909 
96 x 96 





Area in 
sq. in. 
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420 

500 

729 

930 
1188 
1406 
1722 
2304 
2916 
3600 
4356 
5184 
6084 
7056 
8100 
9216 
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VII. 


A CONTRIBUTION TO THE TECHNOLOGY OF DRYING. 


Showing losses of heat units per cubic meter of escaping air due to 
sensible heat of the air, and not including losses by water vapor, etc. 
Air heated up from 10°C and 75% humidity. 
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TABLE IX. 


Heat units carried 


out per cubic meter 
if air were dry. 


ececeee 


Giving volume of air required and heat consumption for 1000 brick, 
weighing 9 pounds wet weight and containing 2242% water. 
tering dryer is heated up from 10°C and 75% humidity. 





Heat un- 
itsin 
evaporat- 


ing water 


Heat 
units in 
clay. 
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loss 
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Total 
heat 


by rad- escaping] units. 


lation. 
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Air en- 


Volume 
of air 


7000 Cal] in cubic 
per unit| meters. 
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of coal. 








Temp. 
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entering. ing. 
28 15 
43 20 
80 30 
157 40 
260 | 50 
452 | 60 
115 70 
1520 80 
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